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SPRING MEETING, ATLANTIC CITY, MAY 31-JUNE 3 
PROGRAM 


Tuesday afternoon and evening, May 31 
Informal reunion of members in the parlors of the Marlborough- 
Blenheim. 
Wednesday, June 1, 10 a.m. 


PROFESSIONAL SESSION 


Business meeting. Reports of Committees, Tellers of Election, 
New Business. 


PAPERS ON MACHINE CONSTRUCTION AND OPERATION 


THE SHOCKLEsS JARRING Wilfred Lewis. 

A Comparison or Larne Herapsrock Prof. 
Walter Rautenstrauch. 

THe Srrenetu or Puncu AND Riverer FRAMES MADE OF 
Tron, Prof. A. L. Jenkins. 


Wednesday afternoon and evenine 
g 


The afternoon is left unas< sned to giveopportunity forsight-seeing. 
Roller chairs for the board walk will be available for the visiting mem- 
bers and guests through the courtesy of the Local Committee. 

In the evening, entertainment on the steel pier has been provided 
by the committee. 
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Thursday, June 2, 10 a. m. 
PROFESSIONAL SESSION 
MISCELLANEOUS PAPERS 
Tuer MrEcHANICAL ENGINEER AND THE TEXTILE INDUSTRY, H. L. 
Gantt. 
Tue Exvastic Limir or MANGANESE AND OTHER Bronzes, J. A. 
Capp. 
Tut Hyprosratic Cuorp, R. D. Johnson. 
Tue Resistance or Trains, Prof. Edw. C. Schmidt. 


Thursday, 2 p.m. 
GAS POWER SECTION 
BUSINESS MEETING AND REPORTS OF COMMITTEES. 
PAPERS 
A ReGENERATOR CycLE FOR Gas ENGINES USING SuB-ADIABATI 
EXPpaANsIon, Prof. A. J. Frith. 
Gas ENGINES FoR Drivinc ALTERNATING CURRENT GENERATORS, 
H. G. Reist. 
Two Proposrep Units or Powrr, Prof. Wm. T. Magruder. 
SoME OPERATING EXPERIENCES A Buast FuRNACE GaAs 
Power PLANT, H. J. Freyn. 
Thursday, 9 p.m. 
Reception, folowed by conferring of Honorary Membership on 
Rear-Admiral George W. Melville, U.S. N., Ret. A brief address will 


be made by Admiral Melville, and the evening will conclude with 
dancing and refreshments. 
Friday, June 3, 10 a.m. 
PROFESSIONAL SESSION 
PAPERS ON POWER TRANSMISSION 
IMPROVEMENTS IN LinesHarr HANGERS AND Brarincs, Henry 
Hess. 
EXPERIMENTAL ANALYsIS OF A Friction Prof. 
Wm. T. Magruder. 
AN IMPROVED ABSORPTION DYNAMOMBETER, Prof. C. M. Garland. 
CRITICAL SpEED CALCULATION, 8. H. Weaver. 
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REPRESENTATIVE OF THE PROFESS1ON IN PENNSYLVANIA AND NEW 
JERSEY 


For several years the Spring Meeting of the Society has been held 
in cities where there has been an opportunity of visiting places of 
interest and inspecting engineering enterprises, and the time of the 
members has been very fully occupied in taking advantage of such 
excursions as the generosity and cvdperation of the local members 
have made possible. While these meetings have all been thoroughly 
enjoyed, it was thought that it would be a welcome change to hold 
a meeting at a resort where those attending would have more time 
for renewal of acquaintance and for personal intercourse, instead of 
devoting so much attention to matters outside of the interests direct ly 
related to the Society and its membership. The last meeting of this 
sort was the Spring Meeting in 1903 held at Saratoga. The present 
meeting at Atlantic City should be an equally pleasant occasion, since 
there is no place in the country better adapted for holding a conven- 
tion and the meeting is held at a time which is one of tae most delight- 
ful in which to spend a few days on the New Jersey shore. 

The Marlborough-Blenheim Hotel, the Convention headquarters, 
is situated at the central point of Atlantic City’s famous seven-mile 
board walk, and occupies a block and a half on the ocean front looking 
southward and 200 yards on the City Park looking eastward. It has 
a capacity of 1100 and makes many provisions for the comfort of its 
vuests, including the open-air plaza and the solariums overlooking the 


ocean. 
LOCAL COMMITTEE 


James M. Dodge, Chairman 


J. Sellers Bancroft Edward I. H. Howell T. F. Salter 

J. C. Brooks Arthur C. Jackson Coleman Sellers, Jr. 
James Christie William C. Kerr Oberlin Smith 
Morris L. Cooke Wilfred Lewis H. W. Spangler 
Charles Day E. P. Linch A. A. Stevenson 
Kern Dodge Thomas C. McBride Fred. W. Taylor 
Francis H. Easby D. T. MacLeod J. A. C. L. de Trampe 
Thomas M, Eynon Edgar Marburg Wm. 8. Twining 
John Fritz Geo. W. Melville Mr. Van Gilder 
Harris R. Greene Edwin A. Moore S.M. Vauclain 

G. T. Gwilliam Henry G. Morris William R. Webster 
E. P. Haines John S. Muclke Tilden White 
Robert E. Hall John C. Parker Walter Wood 


Henry Hess F. R. Pleasonton 
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MEETING IN ENGLAND 


A program of the joint meeting of The American Society of Mechan- 
ical Engineers and the Institution of Mechanical Engineers has been 
issued by the Institution. As already announced this meeting 
will be held in Birmingham and London and will begin on Monday, 
July 25. <A local committee consisting of the Right Hon. the Lorp 
Mayor or BirMINGHAM, Alderman W. H. Bowater, together with 
members of the Institution and other gentlemen resident in the neigh- 
borhood, has been formed to make the necessary arrangements. 
A ladies’ committee will be formed in Birmingham to make arrange- 
ments for the entertainment of ladies accompanying the members of 
both societies. 


PROVISIONAL BIRMINGHAM PROGRAM 
Monday, 25th July. Arrival in Birmingham 
Tuesday, 26th July 


Morning.—The Right Hon. the Lord Mayor of Birmingham and the 
Members of the Local Committee will receive and wel- 
come the President, GEORGE WeEsTINGHOUSE, Esq., 
and the Officers and Members of the American Society 
of Mechanical Engineers, and 'the President, JOHN 
A. F. AspInwa.1, Esq., and the Council and Members 
of the Institution of Mechanical Engineers. 

- READING AND DIscUSSION OF PAPERS. 
LUNCHEON in the Town Hall. 
Afternoon.— Visits to Stratford-on-Avon, Worcester, Gloucester, or 
Bournville; and local Works. 
Evening.—Garden Féte. 


Wednesday, 27th July 


Morning.—READING AND DiscussiON OF PAPERS. 
LUNCHEON in the Town Hall. 
Afternoon.— Visits to the University and local Works. 
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Evening.—REcEPTION in the Council House, by invitation of the Right 
Hon. the Lord Mayor of Birmingham. 


Thursday, 28th July 


Visits to Works in Coventry and Rugby; also to War- 
wick, Leamington, Kenilworth, or Lichfield. 


PROVISIONAL LONDON PROGRAM 
Thursday, 28th July 


Evening.—Conversazione at the Institution. 


Friday, 29th July 


Morning.—READING AND DIscuUSsSION OF PAPERS. 

A fternoon.—Garden Parties at Private Houses. 

Evening.—INstiTuTION DINNER in the Connaught Rooms, Freema- 
son’s Hall, Great Queen Street, W. C. (Including 
Ladies.) 


Saturday, 30th July 


Morning and Afternoon.—Excursion by Rail and River to Winpsor 
and HENLEY. 
Evening.—Reception at the Garden Club in the Japan-British Ex- 
hibition at the White City. 
It is intended that Invitation Cards be handed to the American 
visitors on their arrival in Birmingham. 
The privileges and invitations in connection with the Meeting are 
personal and are not transferable. 


PRINCIPAL HOTELS CENTRALLY SITUATED IN BIRMINGHAM AND NEIGH= 


BORHOOD 

Queen’s Knowle (10 miles): The l’orest 
Grand Leamington (23} miles): Regent; 
Imperial Clarendon: Manor House 
Midland Lichfield (18 miles): George; Swan 
Colonnade Stratford (263 miles): Shakespeare; 
Swan Red Horse; Red Lion 
Plough and Harrow (Hagley Road 14 Warwick (22 miles): Warwick Arms 

miles) Wolverhampton (12} miles): Victoria 
Cobden (Temperance) Star and Garter. 


Hen and Chickens (Temperance) 
Kenilworth (27 miles): King’s Head; 
Manor House 
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For the convenience of members of The American Society of Me- 
chanical Engineers, who are expected to arrive in Liverpool on Sunday, 
24th July, and to proceed by special train to Birmingham on the 25th, 
a list of the principal hotels in Liverpool and the neighborhood, and 
in Southport, follows. 


PRINCIPAL HOTELS IN LIVERPOOL AND NEIGHBORHOOD 


Adelphi, Ranelagh Place Leasowe Castle Hydro., Wallasey 


Exchange Station, Tithebarn Street 
North Western, Lime Street 
Hotel St. George, Lime Street 
Angel, Dale Street 
Compton, Church Street 
Feathers, Clayton Square 
Imperial, Lime Street 

Stork, Queen Square 

Union, Parker Street 
Washington, Lime Street 
Waterloo, Clayton Square 


Laurence’s Temperance, Clayton 
Square 

Shaftsbury (Temperance), Mount 
Pleasant. 


Hotel Victoria, New 
miles by ferry boat) 


Brighton (23 


(3? miles) 

Royal, Waterloo’ (5 miles) 

Blundell Sands, Blundellsands (6 
miles) 

Royal, Hoylake (7} miles) 

New Hydro., West Kirby (84 miles) 

Chester (15 miles from Birkenhead: 
Queen Hotel (opposite Railway Sta- 
tion); Grosvenor Hotel (center of 
City); Blossoms Hotel 

Southport (183 miles from Liverpool) : 
Prince of Wales. Lord Street; Pal- 
ace; Royal; Victoria; Waverley; 
Queen’s, all on Promenade. 


MEETING IN ST. LOUIS MAY 14 
A meeting of the Society will be held in St. Louis, May 14, in 


which the Engineers Club of St. Louis are to coéperate. 


The paper 


will be Freight Train Resistance by Prof. Edward C. Schmidt, 
which is published in this number of the Journal. 


REPORTS 
MEETING IN ST. LOUIS APRIL 9 


The meeting of the engineers of St. Louis, April 9, was conducted 
by The American Society of Mechanical Engineers with the coépera- 
tion of the St. Louis Section of the American Institute of Electrical 
Engineers as well as of the Engineers Clubof St. Louis A symposium 
on Electric Drive in the Machine Shop was presented, to which three 
papers were contributed by the Society: The Economy of the Elee- 
tric Drive, by A. L. DeLeeuw, Mem. Am. Soc. M. E.; Economical 
Features of Electric Motor Applications by Charles Robbins, of the 
Westinghouse Electric and Manufacturing Company, and associate 
member of the American Institute of Electrical Engineers; Mechani- 
cal Features of Electric Driving, by John Riddell, Mem. Am. Soc. M. 
Kk. A paper, Selection and Methods of Application of Motors and 
Controllers, by Charles Fair, of the General Electric Company, a 
member of the Institute was contributed by the American Institute 
of Electrical Engineers. The attendance was nearly 100. 


MEETING IN NEW YORK APRIL 12 


The New York monthly meeting was held Tuesday evening, April 
12, in the Auditorium of the Engineering Societies Building, with the 
American Institute of Electrical Engineers coéperating. The subject 
was Electric Drive in the Machine Shop with the four papers listed 
above under the meeting at St. Louis. 

This subject of electric driving has long been in preparation with 
a view to presenting in the papers and discussions the recent develop- 
ments in electric motor applications to machine tools and the economic 
features of such applications where motors are installed either for 
direct driving or in connection with lineshafts for group driving. The 
economic side was very fully discussed by representatives of the ma- 
chine tool industry ando ther users of motors as well as by the motor 
manufacturers. Mr. Fred. L. Eberhardt, Vice-President of the Na- 
tional Machine Tool Builders Association, spoke officially for his 
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organization of their efforts, with the American Association of Elec- 
tric Motor Manufacturers, for the securing of standards for motor 
equipment. Mr. A. L. DeLeeuw, a member of the committee of the 
National Machine Tool Builders Association to consider this subject, 
followed with a detailed account of the efforts at standardization to 
date, in which he said fifteen points had been raised for discussion 
and that seven of them had been considered by the joint commit- 
tee thus far, among them being the subjects of horsepower, voltages, 
speeds and ratings. 

The papers were also discussed by Henry Hess, of the Hess-Bright 
Manufacturing Company, Philadelphia, Pa.; L. R. Pomeroy, of the 
Safety Car Heating & Lighting Company, New York; Gano Dunn, 
Vice-President of the Crocker-Wheeler Company, Ampere, N. J.; 
Charles Day, of Dodge & Day, Philadelphia; W. 8. Rogers of the 
Bantam Anti-Friction Company, Bantam, Conn.; Carl G. Barth, 
Philadelphia; and H. A. Horner, Philadelphia. 


MEETING OF THE COUNCIL 


A meeting of the Council was called to order in the rooms of the 
Society, April 12, 1910. Present, Messrs. George M. Bond, Chas, 
Whiting Baker, J. Sellers Bancroft, H. L. Gantt, James Hartness, 
Charles Wallace Hunt, F. R. Hutton, I. E. Moultrop, E. D. Meier, 
H. G. Reist, Frederick W. Taylor, Jesse M. Smith and the Secretary. 
In the absence of the President, Col. E. D. Meier took the chair. 

The Secretary announced the deaths of James Blessing and Gardi- 
ner C. Sims. . 

The resignations of A. E. Coleman, Jr., Zareh H. Kevorkian, George 
E. Kirk, J. E. Tatnall and Ephraim Smith were read and accepted, 
and the membership of Thomas M. Keith, George L. Holmes, Barton 
H. Cameron, Rafael de la Mora, W. Allen Pendry, Edward 8. Seaver 
and Charles L. Weil was declared to have lapsed. 

Voted: To accept the report of the special committee appointed 
by the Council to go to St. Louis, and to express the very hearty 
appreciation of the Council; and to refer the report to the Executive 
Committee. 

The Executive Committee reported as the total booking on the 
Celtic, to date, of those who will attend the Joint Meeting in England: 
144 members and ladies; going by other routes or already in Europe 
81 making a grand total of 225. 

Voted: To appoint as a Committee on Arrangements, in con- 
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nection with the joint meeting in England, Ambrose Swasey, Chair- 
man, Charles Whiting Baker, Vice-Chairman, Dr. W. F. M. Goss, 
George M. Brill, John R. Freeman, and, ex-officio George Westing- 
house, President, William H. Wiley, Treasurer, F. R. Hutton, Hon- 
orary Secretary, Willis E. Hall, Chairman Meetings Committee, 
and Calvin W. Rice, Secretary. 

The Secretary reported that fifteen members of the Council and 
Past-Presidents expected to attend the dinner to by given by Presi- 
dent Aspinwall, on the evening of Monday, July, 25. 

Voted: That Charles Whiting Baker be appointed Honorary 
Vice-President, to represent the Society at the International Con- 
gress of Mining Metallurgy, Applied Mechanics and Practical Geo- 
logy. The Secretary also presented to Mr. Baker the appointment 
from the State Department as delegate from the United States. 

Voted: To appoint Worcester R. Warner Chairman of the Com- 
mittee on Land Fund. 

Voted: To refer to the Executive Committee, with power, in the 
matter of codperation with the Verein Deutscher Ingenieure in the 
preparation of biographies of eminent engineers. 

Voted: To approve the applications for a Student Branch at the 
University of Arkansas, Fayetteville, Ark. 

Voted: ‘To adopt the following amendments: 


ELECTION OF MEMBERS 


B ll Each person elected to membership, except an Honorary Member 
must subscribe to the Constitution, By-Laws, and Rules of the Society, and 
pay the initiation fee before he can receive a certificate of membership in the 
Society. Resignations from membership shall be presented to the Council 
for action. 

FEES AND DUES 


B 16 The initiation fee and the annual dues for the first year shall be due 
and payble on the first day of the month following the date of the election of 
a Member, Associate, or Junior. The annual dues for cach ensuing year shall 
be due and payable in advance on the corresponding day in each year there- 
after. 

Upon the payment of the initiation fee and the annual dues for the first year 
the person elected shall be entitled to the rights and privileges of membership 
in the grade to which he was elected. The date of payment of a member’s 
annual dues may be changed to the first day of any other month, and a pro- 
rata adjustinent of the dues made, by application to the Secretary. 

B17 A Member, Associate or Junior in arrears for dues for one year, on the 
first day of October previous to the annual Meeting, shall not be entitled to 
vote, or to receive the transactions or the publications issued by the Society 
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thereafter until such dues have been paid. Should the arrears for dues or other- 
wise be for more than two years, the name of such person shall be presented 
to the Council for such action as it deems advisable under C 24. Should the 
right to vote, or to receive the publications of the Society be questioned, the 
books of the Society shall be conclusive evidence. 

B 18 The council may, in its discretion, restore to membership any person 
dropped from the roll for non-payment of dues, or otherwise, upon such terms 
and conditions as it may at the time deem best for the interests of the Society. 


Voted: That the Council accept the invitation of the National 
Steam and Hot Water Fitters Association to a conference leading 
to the adoption of uniform standards for flanged and screwed cast- 
iron fittings, and that the Secretary communicate with the various 
members of the Council and specialists in power-house practice and 
ask their suggestions for names for such a committee. 

Voted: That a message of congratulation and greeting be sent 
to the Aero Club of American on the opening of the club rooms on 
the evening of Wednesday, April 13, in the Engineering Societies 
Building. 

Voted: That Charles Whiting Baker be appointed Chairman of 
a Committee, with power to increase the number to investigate the 
matter of a proposed bill now before the legislature to license 
engineers, and to report to the Council at its next meeting. 


REQUEST FOR 1903 YEAR BOOK 


A copy of the Year Book for 1903 is needed to complete the files 
of the Society. Any member willing to furnish a copy will please 
communicate with Calvin W. Rice, Secretary, at the rooms of the 
Society. 


STUDENT BRANCHES 


PENNSYLVANIA STATE COLLEGE 


At the March meeting of the section held March 16, the topic for 
the evening was Methods of Coal Mining, which was ably handled 
by George B. Wharen, A. F. Goyne and Roy B. Fehr (1910). The 
papers were supplemented by views of mines and mine apparatus 
thrown on the screen. At the April meeting, Refrigeration and Cold 
Storage will be discussed. 
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PURDUE UNIVERSITY 


On March 24, F. H. Clark, Genl. Supt. M.P. of the C. B. & Q. R. R. 
addressed the student section of Purdue University on The Functions 
and Work of the Motive Power Department, followed by a general 
discussion in which many points of interest were enlarged upon. 
Professor Ensley, of the university, addressed the meeting on April 
6, on Recent Developments in Brake Shoe Tests, on whichhe is an 
authority. His address was supplemented by lantern slides. 


UNIVERSITY OF CINCINNATI 


The student branch of the University of Cincinnati had as the 
speaker at its meeting on March 25, James B. Stanwood, Mem.Am. 
Soc.M.E., who presented a very interesting paper on The Develop- 
ment of Non-Condensing Engines. Harry M. Lane, Mem.Am.Soc. 
M.E., gave a discussion of the paper. At the meeting on April 15, 
William Goodman, manager of Laidlaw-Dunn-Gordon Company, 
presented a paper on Air Compressors and their Manufacture. 


WISCONSIN UNIVERSITY 


At the April meeting of the section, G. A. Glick (1910) presented 
a paper on A 15,000-kw. Steam Engine Turbine Plant, based on Mr. 
Stott’s paper published in The Journal, March issue. The paper 
was followed by a discussion in which Assistant Professor A. G. Chris- 
tie told of some of the difficulties encountered in testing the engines 
referred to in the paper. The following officers were elected; —Presi- 
dent, John S$. Langwill; Vice-President, Henry A. Christie; Corre- 
sponding Secretary, Karl L. Kraatz; Assistant Secretary, Guy H. 
Suhs; Treasurer, Angus MacArthur. 


OTHER SOCIETIES 


INTERNATIONAL CONGRESS OF MINING, METALLURGY, APPLIED MECHAN- 
ICS AND PRACTICAL GEOLOGY 


Charles Whiting Baker, Vice-President of the Society, has been 
appointed Honorary Vice-President to represent the Society at the 
International Congress of Mining, Metallurgy, Applied Mechanics 
and Practical Geology, to be held at Diisseldorf, Germany June 20-23, 
1910. Mr. Baker has also received appointment from the State 
Department as delegate from the United States. 
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BOSTON SOCIETY OF ARCHITECTS 


At the dinner of the Boston Society of Architects, held at the Parker 
House, April 1, 1910, Calvin W. Rice, Secretary Am. Soc.M.E., was 
the guest of honor. The topic for consideration was Office Organiza- 
tion. Mr. Shreave of Carrere & Hastings was also a guest and spoke 
from knowledge not only of the office with which he is connected, but 
also of that of McKim, Mead & White. 

Mr. Rice took occasion to explain the necessity of organization in 
the office of the society, as in a business, for the reason that members 
of the society who are business men expect efficient service whenever 
they communicate with the society on any matter. The Society is 
essentially an organization of trained men. The variety of the in- 
quiries, several hundred a day, also requires a complete staff, and it 
must be organized if useful and practical attention is to be given these 
inquiries. The most important idea in connection with an engi- 
neering society is that, in a larger sense than the individual, it must 
serve the profession; rather than that it is simply an aggregation 
of persons for selfish interests. In other words, the association 
must be organized for progressive and helpful work. Such is the 
organization of The American Society of Mechanical Engineers. 


AMERICAN ELECTROCHEMICAL SOCIETY 


In response to a request, the Secretary has sent to Dr. Jos. W. Rich- 
ards, South Bethlehem, Pa., secretary of the American Electrochem- 
ical Society, a list of members of this Society resident in the Pitts- 
burg district, who are to be specially invited to the convention to be 
held at Pittsburg, May 5-7. C. E. Foster, Mem.Am.Soc.M.E., and 
John Brashear, Hon.Mem.Am.Soc.M.E., are among the speakers. 
Further announcement will be found on a later page of The Journal. 


NECROLOG Y 


WILLIAM WILBERFORCE CHURCH:LL 


William Wilberforce Churchill died at Oshkosh, Wis., on March 24, 
1910. He was born at Monroe, Wis., January 6, 1867, and was the 
son of Norman and Dr. Ann Sherman Churchill. After graduation 
from the Monroe High School in 1883, he spent one year at Rose. Poly- 
technic Institute, and in 1886 entered Cornell University, from which 
he was graduated in 1889 with the degree of M.E. He was made a 
Fellow of Sibley College for 1889-1890, and received the degree of 
M.M.E. in 1890. 

After graduation Mr. Churchill spent a few months with E. P. 
Allis & Co., Milwaukee, Wis. In 1890 he entered the employ of 
Westinghouse, Church, Kerr & Co., where he remained until his re- 
tirement because of a breakdown in health, in 1906. He rose 
through various intermediate positions, in Chicago, Pittsburg and 
Boston to be chief mechanical engineer of the company’s head- 
quarters in New York. At the time of his retirement he was vice- 
president and director in the company. During his sixteen years of 
service he superintended the construction of the Boston terminal; 
the Kingsbridge power house, New York City; the Atlanta water 
plant, Georgia; the Lackawanna & Wyoming Valley R. R., Pennsyl- 
vania; The Grand Rapids, Grand Haven & Muskegon R.R.; Hotel 
Pontchartrain, Detroit, Mich.; the Northern Colorado Power Com- 
pany, Denver, Colo.; the electrification of the Long Island R. R., 
New York, and many others. In 1902 he spent some time in Europe 
in connection with the electrification of the London Underground 
Railway. 

Mr. Churchill was a member of the New York Railroad Club, 
the Cornell University Club, New York, the American Association 
for the Advancement of Science, and several Masonic orders. 


GARDINER C. SIMS 


Gardiner C. Sims, president of the William A. Harris Steam Engine 
Company, died at his home in Providence, R. I., on March 20,1910. 
Mr. Sims was born in Niagara Falls, N. Y., July 31, 1845, and was 
educated there in the public schools. He began his engineering career 
with a four years’ apprenticeship at the locomotive works of the N. 
Y.C. & H.R. R.R., West Albany, N. Y., afterward entering the navy 
yard at Brooklyn, N. Y., but returning to his former employers 
after three years, to become their chief draftsman. He next became 


i 


16 SOCIETY AFFAIRS 


superintendent of the J.C. Hoadley Engine Works at Lawrence, Mass. 
Here he met Pardon Armington, with whom he formed a partner- 
ship for the manufacture of steam engines, both men devoting their 
ntire time to experimental work as a result of which they gave to the 
world the quick-running engine, in opposition to the established 
engineering practice and precedents. They built the first successful 
engine for Thomas A. Edison, which was sent to the Paris Exposi- 
tion with his first dynamo, in 1881. 

In 1876 Mr. Sims spent eight months at the Centennial Exposition 
and was appointed Democratic Commissioner from the State of 
Rhode Island to the World’s Columbian Exposition in 1892, where 
he was made chairman of the Exposition committee on electricity, 
electric and pneumatic appliances, and was a member of the commit- 
tee on machinery and transportation. 

At the outbreak of the war with Spain, Mr. Sims volunteered, and 
was appointed Chief Engineer by the Navy Department and ordered 
to the navy yard at Boston. For his work in this branch of the 
service Mr. Sims was made a Lieutenant Commander and received 
congratulatory letters from Secretary Long and Engineer-in-Chief 
George W. Melville. 

At the close of the war he was summoned by the War Depart ment 
to assume the position of Superintendent Engineer of the United 
States Army Transport Service, and discharged his duties with honor 
until the completion of the work. He was appointed police com- 
missioner in 1902, and at the time of his death was connected with 
the William A. Harris Steam Engine Company. 


HARRY 8S. HASKINS 


Harry 8. Haskins, Associate Member of the Society, died at his 
home in Philadelphia on March 13, 1910. Mr. Haskins was born 
in Moretown, Vt., March 5, 1834, and at the age of twelve entered 
the machinists trade, first with Edwin Harrington and later with the 
Junction Shop, both in Worcester, Mass., where his family had moved. 
When Mr. Harrington went to Philadelphia, to engage in the build- 
ing of machine tools, Mr. Haskins accompanied him, and soon after- 
wards the partnership of Harrington & Haskins was formed, which 
later became the firm of Edwin Harrington, Sons & Co. On the death 
of Mr. Harrington, the business became incorporated, with Mr. Has- 
kins as president, an office which he retained until the time of his 
retirement, in 1900. Throug his mechanical ability and inventive 
faculty he added many improvements to the gear-cutting machines, 
hoists and overhanging railways manufactured by the firm. 


OPERATING EXPERIENCES WITH A BLAST 
FURNACE GAS POWER PLANT 


By Hernricu J. Freyn 


Member of the Society 


The use of blast furnace gas engines in this country was first under- 
taken in 1902 by the Lackawanna Steel Company at Buffalo, followed 
four years later by the United States Steel Corporation in several 
of its plants. The import of the problem of utilizing the surplus 
gas may be realized by considering that eleven million tons of pig 
iron were produced in 1909 by the United States Steel Corporation, 
and that for each ton of iron made per day, 25 b.h.p. is available for 
purposes outside of the power requirements of the blast furnaces, 
provided this power is itself produced in gas engines. If, therefore, all 
the blast furnaces of the corporation were blown by gas blowing- 
engines and all other furnace requirements furnished by gas-electric 
engines, 750,000 b.h.p. would be available for other purposes. 

2 In 1907 there were installed at one of the largest steel plants in 
this country, four Allis-Chalmers double-acting, four-cycle, twin tan- 
dem gas engines, gas cylinders, 42-in. diameter, 54-in. stroke, operat- 
ing 2000-kw., 25 cycle, 3-phase, 2200-volt, alternating-current genera- 
tors at 83.3 r.p.m. This addition to the existing steam-electric equip- 
ment was completed in 1908 and the electric power produced by these 
gas engines is used for electric-driven rolling mills and general light 
and power purposes. The gas-driven generators operate parallel 
with the adjacent steam units and with other gas-driven generators 
located 20 miles away. 

3 The gas engine plant under discussion has been in regular 
service for one and one-half years, during which period the experiences 
and results deseribed in the following pages were obtained.!. These 

'These experiences and records were compiled with the able assistance of 
Mr. Chas. C. Sampson, Mem.Am.Soc.M.E. 


Tue AMERICAN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York, June 1910. All papers are subject to revision. 
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were not gathered from the indications of one single experiment, or 
of a series of carefully prepared and conducted tests, but represent 
the average results of daily observations extending over one year’s 
time. Since the degree of correctness depends on the accuracy of 
observation and care in recording the results of persons having vari- 
ous degrees of practical and technical training, inaccuracies entailing 
puzzling inconsistencies may have crept in and the data presented 
may not in every instance withstand the test of searching criticism; 
nevertheless it is believed that such information, derived from actual 
operation, will prove of more interest to the engineering profession 
than unassailable data obtained under test conditions. 

4 The gas supply for the operation of all the gas engines of the 
plant is taken from six blast furnaces, all of which in 1909 were blown 
by steam blowing-engines, while the electric power for the plant was 
derived from both steam and gas-driven generators. This plant is 
therefore a so-called ‘‘mixed” plant, so far as the generation of power 
is concerned. 

5 The quantity of blast furnace gas available for the operation of 
gas engines was therefore considerably less than it will be when four 
of these furnaces are blown by gas blowing-engines. Because of the 
general business depression at the beginning of 1909, only three, and 
in the months of March and April only two, furnaces were in blast. 
Normal conditions were resumed about May or June, while all six 
furnaces were in blast during the months of September and October 
only. 


CONDITIONS OF INSTALLATION 


6 The gas power station in question was conceived in 1905, and 
all preliminary calculations relative to the amount of gas available 
for operating gas engines were naturally based on the conditions 
existing at that time, making the proper deductions for reduced gas 
production due to the furnaces being out of blast for relining. Careful 
investigations showed that in 1906, 10 per cent of the total gas pro- 
duced by six blast furnaces, equivalent to 10,200 kw., was available 
for use in gas-electric engines. The installation of 8000 kw. in gas 
engines seemed therefore fully warranted, particularly as it was 
expected that two gas blowing-engines simultaneously ordered would 
be in operation after November 1907, in which case the gas surplus, 
even with only five furnaces in blast (one furnace down for relining) 
would have been more than ample to operate four 2000 kw. of gas- 
electric units. It could not be foreseen that business conditions would 
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change so radically in 1908, nor that the two gas blowing-engines 
would be so delayed, that for three years the saving of gas, which 
would have materially improved conditions for the electric units, 
could not be realized. 

7 While the logical way to begin would have been with the instal- 
lation of a number of gas blowing-engines, instead of first taking gas- 
electric engines in operation, increasing instead of reducing the avail- 
able quantity of blast-furnace gas, such a procedure was impossible 
because of the immediate demand for increased electric power created 
by the installation of new electrically operated mills, as well as on 
account of local conditions of steam supply for the furnaces, which 
at that time prohibited the removal of a large boiler house, now 
occupied by the new gas blowing-engines. From the circumstances, 
however, that gas-electric engines were installed before any gas 
blowing-engine equipment existed, and that this power plant, as it 
so happened, had to be operated for almost two years under the most 
unfavorable and exacting conditions, a great deal of most valuable 
experience was gained, in that it was found that such a power plant 
could be maintained in operation—although with interruptions— 
with only two furnaces, and for a short period even with only one fur- 
nace in blast. 

OUTPUT OF POWER PLANT 


8 In Appendix No. 1, Table 1 shows the average kilowatt-hour 
produced by the gas power plant for each month of 1909, from which 
it appears that the average for the year was 5760 kw-hr., or 72 per 
cent of the total capacity of the plant, and this average for various 
months varied from 66.507, to with two furnaces, 61.597 to 80.5% 
with three, 69°7 for four, 64% to 82.5°, with five, 68.5% to 78%, 
with six furnaces in blast. While during the first few months the num- 
ber of furnaces in blast was very limited, the total output of the sta- 
tion was nevertheless not affected very materially. In fact, in the 
month of March, when only furnaces No. 1 and No. 2 were in blast, 
74%, of the total capacity of the plant was produced, a higher figure 
than the average output of the plant for the whole year. 


SHUTDOWNS AND TIME LOST IN OPERATION 


9 A record is being kept as correctly as practicable of all shut- 
downs and their causes. Table 2, in Appendix No. 1, gives the 
monthly averages, as well as the percentages of operating time and of 
time lost chargeable to the engines, and due to outside causes. The 
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power station is considered in this table as one unit, and the figures 
are averages applying to the four engines. 

10 In Appendix No. 1, Table 2, is given the average monthly 
operating time of the station for the whole year, from which it appears 
that the average for the year was 77°% of the total possible time, 
14.2 % and 8.8% being the percentages of the time lost due to engine 
repairs and to outside causes beyond control. The respective figures 
for the first four months of the year show that the operating time from 
January to April was much lower than during the rest of the year, 
the lowest figure being 57°% in January. However, the month of 
March with 71°% shows again the noteworthy fact that with only 
two furnaces in blast the operating time was higher than the average 
for the first half of the year. This was made possible only by shutting 
off the boiler houses almost entirely. With the boiler houses off, 
blast furnace No. 1 made more gas than the gas engines, the stoves 
and one small boiler house could use, so that one bleeder at the fur- 
nace had to be kept open. During casting periods the engines were 
operated on the gas tank. In this manner operation was kept up for 
one whole week. Thetime lost chargeable to the enginesis considerable 
for the first four months, due to the fact that owing to the uncertainty 
of sufficient gas supply under the existing conditions of furnace oper- 
ation certain repairs and alterations were made on the engines, which 
otherwise would have been distributed over a longer period of time. 
It is to be noted that any time lost is rigorously charged against the 
engines if the latter for any reason are not ready to resume operation 
at any moment. 

11 The time lost due to outside causes was particularly heavy in 
the first four months of the year, varying from 11307 in April to 193, 
in February. In the records the lost time chargeable to outside causes 
is subdivided into losses due to operation of the plant, such as line 
troubles, or output not required, ete.; and losses due to lack of gas. 
This particular information is given in Table 3 of Appendix 1, where- 
in the plant is again considered as one unit. Shortage of gas was 
responsible to the greatest extent for lost time from outside causes in 
the first four months of the year. In January this figure was as high 
as 94.5 %, and while the average for the first half of 1909 exceeds 
60%, the corresponding figure for the second half of 1909 is only 3°. 


CONSIDERATIONS OF SAFETY WHEN THERE IS SHORTAGE OF GAS 


12 Although the difficulties which were experienced in this period 
by the frequent inability-of the blast furnaces to supply sufficient gas 
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to maintain operation of the whole plant, without heavily firing coal 
under the boilers, had no serious effect on the gas power plant, one 
important question was in the minds of all during this period, namely 
the safety of the installation. Antedating only a few months this 
period of gas shortage, a serious accident had happened at another 
plant where through lack of gas while only one furnace was in blast, 
the preliminary cleaning plant, the gas holder and parts of the pipe 
line conveying gas to the engines, exploded with disastrous effect. 
This accident caused a great deal of uneasiness and alarm in other 
gas engine plants where several furnaces were out of blast. 

13. A gas power plant is endangered in two ways by lack of gas, 
either from collapsing of the gas holder bell or from explosion. In 
modern gas-cleaning installations, the so-called secondary washing 
plant, which refines the gas for use in engines, is usually equipped with 
some kind of rotary washers. Certain washers of this type, such as 
the Theisen, can give a vacuum of 3 in. of water, and a discharge pres- 
sure from 8 in. to 10 in. higher than the positive or negative pressure 
on the suction side. The washers deliver the gas to a gas holder 
under variable pressure dependent upon the raw gas pressure, while it 
is the principal object of the gas holder to maintain a constant gas 
pressure at the gas engines, irrespective of what the pressure at the 
blast furnaces or in the gas-cleaning plant happens to be. As long 
as the pressure of the gas, and therefore its quantity, is sufficient to 
allow the rotary washers to keep the gas-holder bell floating; in other 
words as long as balance exists between the demand for gas on the 
part of the engines and the supply from the furnaces, there is no danger 
to the installation. 

14 If the gas supply falls below the demand, the volume of 
gas in the holder will cover the shortage within the limit of its 
‘apacity and until the bell, descending completely, rests on its landing 
beams. The rotary gas washers will then continue to operate, creat- 
ing a depression in the gas conduits by which they are connected to 
the gas main at the furnaces. The latter is virtually a large gas 
receiver into which all blast furnaces discharge their gas, and which 
in turn supplies the hot-blast stoves, the boilers, and the gas-cleaning 
plant. The vacuum created by the rotary washers will naturally be 
communicated to this main gas flue, but cannot be maintained as the 
overhead flue is connected with the atmosphere through hot-blast 
stoves and boiler stacks. Air will therefore rush into this flue and into 
the gas-cleaning plant and be drawn into the rotary washers to- 
gether with whatever gas is supplied, and discharged into the gas holder. 
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As long as these conditions exist, the gas-holder bell is not in danger 
from collapsing, but there is imminent danger from explosion to the 
whole plant. Rotary gas washers do not discriminate between gas and 
air,and continue to operate, filling all gas flues, gas holder and engine 
connections with a mixture of gas and air which under certain con- 
ditions is highly explosive. Should backfiring occur in the gas engines 
when receiving a mixture of gas and air instead of pure gas; that is, 
should the fresh incoming charge accidentally be ignited, conse- 
quences would be as prompt as disastrous —the air and gas mixture 
in the pipe system would explode, possibly wrecking the whole instal- 
lation by a series of explosions. 

15 This is precisely what did happen in the accident mentioned, 
and profiting by this experience steps were taken to prevent the occur- 
rence of such an accident atthe plant under discussion. Power house, 
gas washing plant and blast furnace office were connected by two inde- 
pendent telephone lines, and recording instruments, in addition to 
ordinary U-tubes, were installed in the washer building and at the 
blast furnace office, so that not only may the gas pressure be observed 
at any time, but it is automatically recorded for each period of 24 
hours. Moreover an automatic alarm was installed at the blast 
furnace office, which rings a bell as soon as the gas pressure in the 
raw gas descends below a certain danger point, and whistle signals 
operated by solenoids from the blast furnace office were provided in the 
boiler house to inform the head firemnan of the number of boilers 
to be “taken off” or put on gas. In addition an automatic bell was 
placed in this boiler house, calling the operators’ attention to any 
drop below normal in the gas pressure. 

16 Independently of the blast furnace department, the gas- 
cleaning plant operators were also carefully watching the gas pres- 
sure. The position of the gas-holder bell was made visible at any time 
by a system of incandescent lamps in the washerhouse, and strict 
orders regarding the use of the gas were issued by the blast furnace 
superintendent, instructing the men to favor the gas engines under 
any circumstances, as it was fully recognized that having taken care 
of the requirements of the hot-blast stoves, the remaining gas could 
not possibly be more efficiently utilized than in the gas engines. The 
practice was to shut off the gas immediately at a certain number of 
gas-fired boilers, as soon as the pressure in the overhead gas flue 
dropped below a predetermined point. Additional boilers were taken 
off if the gas pressure did not recover, so that sometimes as many as 
24 boilers were being fired by coal exclusively. If this did not have 
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the desired result, stoves were taken off for short periods to increase 
the gas pressure above the danger point. At last, if all these steps 
did. not improve the situation, one or more gas engines were 
shut down. 

17 Fortunately in the majority of cases the blast furnace operators 
know in advance if the gas supply. is likely to fail, and communication 
could easily be established to warn the departments concerned of 
the impending gas shortage. The diagram, Fig. 1, plotted from a 
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point where the gas enters the gas-cleaning plant, is a good illus- 
tration of the conditions existing on many occasions. 


18 The system of close observation and of coéperation among the 
departments concerned worked to perfection, but nevertheless con- 
ditions existed at times which with all due optimism had to be called 
dangerous. It was frequently necessary to keep several gas engines 
running, with the gas pressure dropping below the danger point 
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momentarily or even for periods of a few minutes. This was unavoid- 
able if the operation of certain departments dependent upon a supply 
of electric power was to be maintained with any regularity. If the gas 
engines had been shut down every time a momentary drop in pressure 
occurred, it would often have meant an endless amount of shutting 
down and starting of engines, altogether too frequent for satisfactory 
operation of the mills, and physically impossible for the gas engine 
operators. 

19 The question whether an automatic safety device should be 
instalied at the power plant under discussion was thoroughly consider- 
ed and such devices were investigated; but it was decided that the in- 
stallation of costly safety appliances, which were certain to become 
inoperative with the normal number of furnaces in blast, was not 
warranted, as the conditions of gas shortage were exceptional and of 
temporary nature only. Besides, automatic safety devices, no matter 
how ingeniously designed, are never “foolproof,” and have the rep- 
utation of operating without cause and of failing to act when needed. 
A further drawback is the tendency to over-confidence in the infalli- 
bility of a safety device. In this respect gas-cleaning plants should 
be classed with boiler plants, where the “human element” cannot 
be eliminated, and safety depends ultimately upon the rigid enforce- 
ment of certain established regulations. Responsible operators can 
use good judgment which automatic safety devices do not possess 
to decide whether shutdowns are necessary when low gas pressure 
occurs, possibly for a moment only. This was proved time and time 
again at the plant under discussion. 

20 If such safety devices are considered necessary, however, the 
arrangement of automatic circuit breakers to shut off the power at the 
rotary washers, and simultaneously interrupt the ignition circuit of 
the gas engines, is decidedly better for safeguarding the plant than the 
installation of butterfly or check valves between rotary washers and 
gas holder, which shut off delivery under the control of the gas pres- 
sure. While in both cases the aspiration of air by the rotary washers 
is effectively prevented, the former device protects not only the gas 
cleaning plant but also the gas holder, while the latter may cause 
collapsing of the holder bell by isolating it from the gas supply. 


QUANTITY AND QUALITY OF GAS SUFPLIED TO ENGINES 


21 The amount of gas produced by each blast furnace is calculated 
and distributed in proper proportion among the different places of 
its consumption. Monthly gas-distribution sheets give a record of 
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the average daily tonnage of each furnace, the kind of blast, whether 
natural or dry, the kind of coke used and the coke consumption per 
ton of iron; further, the average gas analysis for each furnace based 
on daily determinations of continuous 24-hour samples, the heat value 
per cubic foot at 62 deg. fahr. and including the sensible heat of the 
gas at 500 deg. fahr., the temperature of the air at the blowing engines, 
the number of cubic feet of air blown per minute, and the average 
blast pressure. From these data the quantity of gas produced by 
each furnace per minute is calculated according to methods given in 
Appendix No. 2. The distribution of the gas from one blast furnace 
based on such calculations is given in the accompanying table (Table 
1 herewith), reproduced from data given in Appendix No. 2. 


TABLE 1 DISTRIBUTION OF GAS FROM BLAST FURNACE NO. 6 


Avcust, 1909 

Million B.t.u. Per Cent 
Total used for blast furnace operation..................... 235.7 72.6 
B.t.u. surplus for 88.4 27.4 
B.h.p. equivalent of surplus..................... 1470 


22 An excellent practical indicator of the gas quantity available 
for engine operation is the gas pressure at the cleaning plant. With 
more than three furnaces in blast the pressure is always sufficiently 
high to make operation of the gas power station perfectly safe. Fig. 
2 shows the average monthly gas pressure at the main water seal 
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where the gas enters the cleaning plant and in the fine gas main after 
the secondary washers. 

23. While the quantity of blast furnace gas was subjected to con- 
siderable variation due to the generally unfavorable conditions which 
existed in the early part of 1909, the quality of the gas was also found 
to vary materially, so far as its chemical composition and heat value 
were concerned. These were influenced not only by changes in the 
furnace burden and by the kind of product, whether basic iron, Besse- 
mer iron, spiegeleisen or ferrosilicon, but by other causes to which 
variations frequently recorded from hour to hour, to a large extent 
could be traced. The blast furnaces discharge their gas into one 
common overhead gas main supplying stoves, boiler houses and gas 
engines. The intake for the gas-cleaning plant is located between fur- 
naces No. 2 and No. 3, dividing the total length of the overhead flue 
in the proportion of one to two, approximately. In view of this cen- 
tral location of the intake nozzle it was expected that by mixing the 
gas from these furnaces a fairly uniform quality, representing the 
average of all six furnaces, would be obtained for engine operation. 
Due to the location of the boiler houses, however, this uniformity of 
mixture could not be realized. 

24 Fig. 3 shows the existing conditions previous to May 1909, and 
before the boiler plant for four blast furnaces was abandoned in order 
to make room for the new gas blowing-engine house. The tall boiler 
stacks caused a flow of gas from furnaces No. 1 and No. 2 to the boiler 
house situated at the west end of the flue, while the gas from fur- 
naces Nos. 4, 5 and 6 went to two large boiler houses located at the 
opposite extremity. The gas-cleaning plant received, therefore, almost 
exclusively gas from furnaces No. 2 and No. 3 or from No. 3 alone, 
while No. 2 was out of blast. This was proved beyond any doubt by 
frequently comparing the chemical analysis of the gas delivered at the 
power station with the analyses of the gas of the individual furnaces. 

25 Thus for the month of June 1908 the average composition of 
the gas from blast furnaces Nos. 1, 3 and 4, which are in close proxim- 
ity to the gas-cleaning plant intake, was as follows (blast furnace No. 
2 being out of blast and blast furnace No. 4 on spiegel) : 


Blast furnace CO 
No. Co, CO H Ci). B.t.u. 
1 13.5 25.0 3.4 1.85 93.3 
3 12.4 26.7 3.2 2.45 98.1 
ee 5.1 32.1 3.3 6.30 115.2 
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The average composition of the gas at the power station for the 
same period was: 


CO 
C6 do CO H CO, B.t.u. 
12.6 26.64 3.2 2.33 96.73 


The analyses of the gas of blast furnace No. 3 and the gas at the 
power house, coincide very closely, establishing proof that during this 
time this one furnace was furnishing the gas for the engines almost 
exclusively. 

26 Since abandoning the boiler house for blast furnaces Nos. 1 
to 4, which now receive steam through a 14-in. steam line from the 
boiler house at the east end, all gas from furnaces Nos. 1, 2 and 3 is 
being delivered to the gas-cleaning plant, with the exception of a 
small portion which goes to a small boiler house at the west end, while 
the gas of the remainder of the furnaces flows in the same direction 
to the boiler houses of furnaces Nos. 5 and 6 and the electric station. 
To illustrate the present condition of gas distribution, comparative 
data were compiled, given in Tables 3 and 4 in Appendix 2, which 
give the averages of gas analysis and heat values of the individual 
six furnaces, all of which were in blast in September 1909 and the 
average composition of mixtures of the gas from various furnaces 
calculated from the former. For the same month when these aver- 
ages were taken the average composition and heat value of the gas 
delivered at the power house were: 

CO, CO H CO, B.t.u. 
10.03 29.80 3.77 2.98 108.70 


Comparing this analysis with the mixture characteristics, given in 
Table 4, Appendix 2, the gas appears to be most nearly equivalent 
to the mixture from furnaces Nos. 1, 2 and 3 together. 

27 Conditions were decidedly better in the second half of 1909, 
so far as uniformity of the gas supplied to the engines is concerned, 
but it is easily seen that changes in furnace operation must even under 
present conditions affect the quality of the engine gas. Whenever 
the gas supply from the furnaces on which the gas-cleaning plant is 
directly drawing happens to cease, in other words during checks or 
repairs, or if one or several of these furnaces are in trouble, disturb- 
ances are created in the regular flow and therefore in the quality of 
the gas, so that momentarily, or for longer periods, richer or leaner 
gas from other furnaces near the gas-cleaning plant intake is delivered 
to the gas engines. That such disturbances exist was very strikingly 
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proved in many instances. The gas engines, which had been operating 
smoothly, apparently receiving very uniform gas, would suddenly 
begin to backfire, or to have premature explosions and become very 
unsteady. These abnormal occurrences would be repeated at short 
intervals, although possibly lasting only a few minutes. The operat- 
ing engineers soon discovered the cause of their troubles, and reported 
in their language that ‘‘a bad batch of gas” had caused the backfiring 
or the premature explosions and the ‘‘swinging”’ on the line. Such 
pronounced “waves” in the quality of the gas will often affect first 
the engine nearest to the gas holder, the trouble gradually extending 
to the engines down the line, and will stop first at the engine where 
the trouble started, gradually lessening on the rest of the engines, or 
else all engines will be affected simultaneously. 

28 These interesting phenomena, and their bad effect on the par- 
allel operation of the gas engines, prompted investigations which al- 
most invariably located the causes for the sudden increase in hydrogen 
and methane. It was found that slipping of the furnaces was very 
frequently followed by backfires and premature explosions: and 
whether or not part of the raw wet stock in the furnaces reaches the 
incandescent zone, due to the upheaval of the material inside the fur- 
nace during slipping, thereby causing the formation of excessive 
amounts of hydrogen, remains an open question. Violent premature 
explosions and backfiring could in very many cases also be traced 
back to leaking tuyeres or hot blast valves, and these were so pro- 
nounced at times that the gas engines often fairly served as an indi- 
-ator of such leaks. 

29 The following gas analyses made on February 10, 1909, at the 
power house, give a good illustration of the suddenness of these 
changes: 

GAS ANALYSES AT POWER STATION LABORATORY 
ENGINE Gas 


Time CO: co H CH, B.t.u. by 
analysis 
11.00.a.m........ 14.9 24.5 3.5 0.2 90.9 
12.90 p.m.......... 13.8 24.7 43 0.3 94.6 
3.20 p.m.......... 14.5 25.0 6.5 0.1 99.9 
4.10 p.m......... 14.2 24.8 45 0.2 94.7 


The increase in hydrogen of almost 100 per cent between the first 
and third analyses is noteworthy. The effect on the engines was the 
occurrence of violent premature explosions around 3 o’clock of that 
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day. Backfiring happened simultaneously on three engines in opera- 
tion on August 17, 1908, and was caused by fluctuations in the compo- 
sition of gas. The daily chemical report for 24 hourse nding 6.00 
a.m., August 18, contains the following record: 


CHEMICAL ANALYSIS, AUGUST 18 


Time COs co H CH. ty 
analysis 

9.30 a.m. 10.9 27.6 3.6 0.2 101.2 
1.30 p.m 6.4 33.2 44 0.2 121.6 
2.00 p.m 5.4 30.2 44 0.2 111.9 
4.00 p.m . 8.0 30.2 3.5 0.2 109.4 


30 The simultaneous calorimeter determinations gave the fol- 
lowing heat values: 
CHANGE IN HEAT VALUE BY CALORIMETER 


Time B.t.u. Time B.t.u. 
9 00 a.m 101.3 1.00 p.m . 115.2 
9.30 a.m 102.7 1.30 p.m 118.3 
10.00 a.m 103.9 2.00 p.m 110.7 
10.30 a.m 105.0 2.30 p.m 110.3 
11.00 a.m 105.9 3.00 p.m.. 112 0 
11.30 a.m 106.4 3.30 p.m. Pe 108.5 
12.00 m 108 6 4.00 p.m 109 3 
12.30 p.m 109.5 4.30 p.m 110.4 


The heat value of the gas increased almost 20 B.t.u., or about 20 
per cent in less than three hours, due to heavy coke blanks charged at 
blast furnace No. | which was in trouble. In this particular instance 
it was the sudden increase in carbon monoxid which caused the back- 
firing. It was not always possible, however, to prove by analysis or 
by calorimeter test that a sudden change in the heat value of the gas 
or a momentary increase in hydrogen had taken place when prema- 
ture firing occurred; nevertheless, following the example of the Lacka- 
wanna Steel Company, the pressure of the cooling water for tuyeres 
and hot blast valves was reduced to a little below the normal blast 
pressure on all furnaces. Thus water-leaks into the furnaces were very 
effectively stopped and one principal cause for premature explosions 
at the engines was removed. 

31 The kind of iron produced by the different furnaces at different 
times had a considerable effect upon the quality of the gas. Thus in 
September 1909 the average heat value of the gas at the power station 
was 108.7 B.t.u. per cu. ft., because during this month blast furnace 
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No. 1 was making ferrosilicon with a coke consumption of over 4600 
lb. per ton of product. The average analysis of the gas of this furnace 
is given in Table 3, Appendix 2, and the composition of the engine 
gas for September is given in Par. 26 of the paper. The richest gas 
which the engines ever received occurred September 17, 1909, the 
average of the analyses for the day being as follows: 


CO 
CO, ere) H CH, B.t.u. 
CO, by analysis 
4.7 34.9 3.2 0.16 7.92 123.3 


The average corresponding B.t.u. values determined by calorimeter 
were 122.5 per cu. ft. The influence of this rich gas on the operation 
of the engines is shown in the daily record of engine operations for the 


same day. Three engines were running and were backfiring and hay- 
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AVERAGES) 


ing premature explosions all day long. On the following day the oper- 
ating engineer reported that the gas made a quick change about 1.00 
a.m. to very poor quality, causing all engines to misfire and to drop 
about one-half of their load, and the richness of mixture had to be 
changed on all engines to obtain proper ignition. About 2.00a.m. the 
gas became suddenly very rich and the engines again backfired heay- 
ily, necessitating additional changes in the mixture. The leanest gas 
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on which these engines were operated during the year 1909 occurred 
in November, the average composition for the month being as follows 


CO 
CO, co H CH, co: B.t.u. 
13.8 24.7 3.59 0.19 1.79 86.7 


The lowest daily average heat value occurred on November 16, with 
gas of the following analysis: 


CO B.t.u. 
co ‘0. CH, 
CO: H H 
15.8 22.1 3.3 0.3 1.39 83.1 


The gas was so poor that day that it was impossible to keep it burning 
in the calorimeter. The lowest heat value ever recorded is 79.5 B.t.u. 
per cu. ft. on November 17, the gas analysis at 12.00 o’clock noon giv- 
ing the following results: 


CoO 
CO; CO CH, B.t.u. 
CO, by analysis 
is | 21.6 3.1 0.1 1.26 79.5 


The effect of such very poor gas on the engines is quite noticeable; the 
full output of the generators could not be maintained, although the 
proportion of air and gas was changed to meet the new conditions. 

32 In Appendix 2, Table 5, is given the average composition of the 
blast furnace gas for each month, averages for the first and second 
halves, and the average for the whole year of 1909; further, the heat 
value of the gas determined by calorimeter. In Fig. 4 herewith these 
values are plotted for each month since June 1908 when the systema- 
tic records were begun. The discrepancies in the heat values as com- 
puted, and as determined by Junkers calorimeter, are explained by 
the fact that analyses are made about every three hours, while calori- 
meter readings are taken almost continuously during the day. The 
number of observations is therefore much greater for the latter than 
for the former. For all calculations the heat values determined by 
calorimeter are used exclusively. The methods of gas sampling and 


analysis used as described by Mr. L. A. Touzalin are as follows: 


Daily samples of blast furnace gas are taken at each individual furnace, all 
samples being accumulative and representing a fair average of the gas produc- 
tion extending over a period of 24hours. The sample is taken between down 
comerstand pipe and dust catcher (as shown in Fig. 5) and conducted by means 
of a 2}-in. or,2-in. pipe, first toa miniature dust catcher and then to two washing 
bottles connected in series by means of a 2-in. pipe. From the second bottle 
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the gas passes to a sampling tank of 5 cu. ft. capacity, made of galvanized iron 
and of regular gas-holder construction. All water used in the washing bottles 
and in the sampling tank is first saturated with blast furnace gas. The small 
dust catcher consists of an 18-in. length of 6-in. iron pipe capped at each end 
and suspended in a vertical position. By removing the cap at the bottom end, 
the accumulated aust may be cleaned out as often as necessary. The valve 
placed at the lower end permits a small stream of gas to flow continuously 
through the sampling pipe into the small dust catcher and escape into the air. 
A great deal of dust escapes with this gas, and besides preventing continuous 
clogging, this valve allows any condensed water to drain off. The screw cock 
attached to the rubber tube between the washing bottles affords means of so 
adjusting the rate of flow that the tank is almost filled in 24 hours. At the end 
of each period a sample of the accumulated gas in the tank is withdrawn into a 
glass gas holder of 250 cu. cm. capacity, while the remaining gas in the tank is 
allowed to escape into the air. The bell of the tank thus drops down in place 
and the gas is again started for the next 24-hour sample. The 250 cu. err. sample 
of the gas in the gas holder is taken to the laboratory for analysis. At the power 
station, where a special gas laboratory, fully equipped, is installed, gas samples 
are taken directly from the gas main between gas holder and engines. Gas 
analyses are made several times during the day and as often as necessary if 
any unusual occurrences at the engines indicate a change in gas quality. 


33 Daily gas analyses and heat values as well as results of dust and 
moisture determination, together with additional chemical informa- 
tion, are recorded on daily report sheets (Fig. 6). 


DESCRIPTION OF GAS-CLEANING PLANT 


34 When the installation of blast furnace gas engines was decided 
on in 1906, very little information and experience on the important 
matter of gas cleaning was available in this country. Some experi- 
ments had previously been made at the plant under discussion on a 
small scale, with different designs of wet scrubbers and baffle washers, 
the deception generally prevailing at that time that gas could be 
cleaned sufficiently for engine purposes by so-called “static”? methods, 
that is, by passing it through towers filled with baffle plates and a 
checker work of wood or iron, and sprayed with water in finely divided 
form. The results of these experiments were discouraging, as might 
have been expected, and the installation of Theisen gas washers for 
refining the gas was eventually decided upon. 

35 The blast furnace gas for the gas engines is cleaned in two 
distinct stages. It is first subjected to a preliminary dry and wet 
scrubbing in the so-called primary or preliminary cleaning plant, 
and subsequently undergoes a secondary cleaning or refining by 
Theisen washers in the secondary washing plant. Fig. 3 shows dia- 


ONITANVS SVf) SQOOANILNOY SALVUVdIY C 


935 


POWER PLANT 


~—- 


BLAST FURNACE GAS 


BATWA 


| 


WAC ISH SYD 
NDS 


|| 
4 
= 
i 
=. . 
eg 
j 
= 
- 
| 
j 
i 
i" 
yy 
; 
| 
j 
| } 
2 
E 
| F 
j 


R PLANT 


POWF 


GAS 


BLAST FURNACE 


936 


a! sur) ¢ 


| 

‘ ‘ 1 = 

‘ ‘ ‘ 7 
: ‘ = 


uc 


-SNOILVAH3S8O 


J 


LHOdAY ) VIIVG] NOW W ] 
| sur) “Fay Uy 
Cx00° svn ‘Ory ay 
aad 
ON? I oe 
wy a] 
slaqqnsog 
a, = seq 
“OV 
sequin, 
Oz FE a0 
0088 “Nd OFF pepuay 


“Kepsany 9 Zuipug sinoH pz 104 


Ava 


Ont 
mrt 


6 
OH 


| 


% 


BLAST FURNACE GAS POWER PLANT 


SO6T 


4 
= 
eal | 
Zz 
ster < 
= 
> 


938 BLAST FURNACE GAS POWER PLANT 


grammatically the general arrangement of the complete cleaning plant 
as it existed in 1908, while Fig. 7 gives a photographic view. When the 
gas-cleaning plant was designed in 1906, the raw gas was not cleaned 
except by the usual small dry dust catchers at the end of the down- 
comers of each furnace, and it was decided to install two special dry 
dust catchers of large capacity to remove the bulk of the heavy dust. 


oe 


: 3 


Fic. 8 Dry Dust CatcHER 


PRELIMINARY GAS-CLEANING PLANT 


36 The raw gas on.leaving the overhead gas flue first passes a water 
seal serving to shut off the gas power plant from the general system in 
‘ase of necessity, and enters an unlined self-cleaning zigzag gas flue 
6 ft. in diameter. Fig. 8 shows in detail the plan, and Fig. 9 a photo- 
graph of the zigzag flue and the dry dust catchers. It was originally 
intended to increase the capacity of the preliminary cleaning plant 
subsequently, by the addition of enough dry and wet scrubbers to 
clean the total quantity of gas produced by all six furnaces, for use 
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under boilers and in hot blast stoves, and provision for these additions 
was made when designing the cleaning plant. By means of water seals 
in the ‘‘dust legs” supporting the zigzag flue, and spectacle valves at 
the points of discharge of the dry-dust catchers into the “collecting 
main,”’ each dust catcher may be shut off during the operation of the 
plant, in case of repairs or cleaning. As seen in the illustrations these 
water seals were designed on the principle of the Crawford valve, and 
by cutting off the ends of the inside pipes at an angle, it was intended 
to provide means of regulating the amount of gas passing through each 

dry dust catcher by filling the seal with water to a certain height, 
which was regulated by telescopic overflow. 


+ 


Fig. 9 Main anp Dry Dust Catcuer 


37 Neither zigzag main nor dry dust catchers were lined with fire 
brick, as had heretofore been the practice with all gas pipes conveying 
raw gas of high temperature, as it was desired to take advantage of the 
reduction of temperature by radiation of heat through the unlined 
plate work. The results given elsewhere prove that the desired ob- 
ject was very satisfactorily accomplished. At all points of sudden 
change in direction of the flow of gas, “wearing” plates were provided, 
as excessive wear of the plate work, from the impinging of the dust- 
laden gas, was expected. These plates can be removed and replaced 
by new ones, through manholes arranged for this purpose. The dust 
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legs, as well as the dry dust catchers, were raised above the yard level 
high enough to permit the disposition by gravity of the accumulated 
flue dust into railroad cars by means of bell valves and dust spouts. 

38 The dry dust catchers, two in number and operating in paral- 
lel, were 22 ft. in diameter by 31 ft. high with 9-ft. cones at each end. 
The choice of the diameter of the dry dust catchers, as well as of the 


Fic. 10 Wer ScrRUBBERS 


wet scrubbers, was accidental, as it happened that some old 22-ft. hot 
blast stove shells were available at the time. The dry dust catchers 
were given tangential gas inlets, assuming that by this arrangement, 
and by inclining the flattened gas-inlet pipe, the gas would be caused 
to travel in long spirals from top to bottom, thus lengthening the path 
of the gas, and angle irons were placed vertically on the inside of the 
shell to provide for increased friction while the gas was traveling 
through the dust catchers at the slow rate of 1.5 ft. per see. The 
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bottom cone was separated from the cylindrical part of the dust 
catcher by an inverted cone arranged umbrella-wise to prevent the 
dust accumulated in the bottom cone from being stirred up by dis- 
turbances caused by furnace slipping and re-entering the gas. The 
gas Jeft the dry dust catchers near the apex of the umbrella, passing 
through a self-cleaning pipe into the collecting main and hence to the 
wet scrubbers. Explosion doors were arranged for on the dry dust 
catchers, but were eventually bolted down as unnecessary. 

39 From the 6-ft. 6-in. collecting main, the dry-cleaned gas passes 
to the wet scrubber, shown in Figs. 10, lla, 11b and 11c, through self- 
cleaning pipe lines. The piping arrangement permits the operation of 
the original two wet scrubbers in series, or in parallel, by turning a num- 
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ber of spectacle valves, and water seals allow the shutting-off of either 
wet scrubber for cleaning, without interfering with the operation of 
the power plant. From the start the two wet scrubbers were operated 
in series, the total quantity of gas consumed by the engines passing 
first one and then the other. The gas enters each wet scrubber at the 
bottom of the shell, which is 22 ft. in diameter and 55 ft. in height. 
The inside is divided horizontally into six compartinents, each con- 
taining eight rows of slats made of clear No. 1 white pine dressed all 
over. Each system of slats is supported independently by I-beams 
and angle irons riveted to the shell. The slats are 5 in. high and 4 
in. thick, by about 5 ft. 6 in. long, and ten slats on an average are 
nailed to distance pieces, forming hurdles about 5 ft. 6 in. long, and 
3 ft. 7 in. wide, a size and weight which permit of easy handling. An 
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Fig. 116 Sectrion or ScruBBERS Nos. 3 AND 4 


interior view of the scrubbers with the hurdle arrangement is shown 
in Fig. 12. 

40 Profiting by the experience gained elsewhere with wet scrubbers 
of thesame kind, flue dust bridging over between slats and clogging the 
hurdles, it was decided to space the slats in the following manner; 
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In the three lower compartments of scrubber No. 1, which receives 
dry-cleaned gas containing « large amount of coarse flue dust, the 
average distance of the slats was made 9 in. while in the three upper 
compartments the slats have 6 in. spacing. In the three lower com- 
partments of scrubber No. 2, receiving gas already washed in the first 
scrubber, the slats were spaced with 44in. centers, while the corre- 
sponding distance is 3 in. in the three upper compartments of the 
second scrubber. All hurdles were placed in the different rows and 
compartments in such a way that the slats of each upper row straddle 
the slats of the row immediately below, thus obtaining a continuous 


Fic. 12) INTERIOR VIEW OF SCRUBBERS SHOWING HURDLES 


checker arrangement without any channels. A space of about two 
feet was left between each two hurdle sets, making each compartment 
accessible for cleaning or changing hurdles without removing the 
whole filling, and manholes and platforms were provided to facilitate 
this work. 

41 The top of the wet scrubbers is formed by ¥ in. flat covers, 
supported by 8-in. I-beams. Each cover plate supports 36 sprink- 
lers, shown in Fig. 13 and in detail in Fig. 11e, distributed over the 
entire section. Each sprinkler consists of two nozzles N and N’, anda 
cast-iron spray plate S with slightly curved surface and weight W 
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to insure horizontal position. The spray plate is inserted in the center 
hole of the crosspiece C, which is supported by two rods R fastened to 
the top cover plate. The upper nozzle of 1 in. diameter is mounted 
on one branch of a cast-iron cross, while the opposite branch is con- 
nected by a 5-in. wrought-iron pipe P about three feet in length, to the 
lower nozzle N’ of equal size. The other two branches of each cross 
are closed by caps A, containing plate glass dises G, } in. thick and 4 
in. in diameter. The open water tank located above the wet scrub- 
ber supplies the washing water under a small but constant head, 
through distributing pipes D and branch connections 2 to the sprink- 
lers, the amount of water being regulated by valves V. The opera- 
tion of these sprinklers is obvious. A stream of water falls in each 
sprinkler through a distance of about eight feet, breaking up into an 
exceedingly fine mist by impinging on the spray plates, and as the 
sprays of the 36 sprinklers overlap each other, the distribution of 
water is perfect. 

42 These sprinklers were tested before the wet scrubbers were 
put into operation, and one minute after turning on the water there 
was not a dry spot on the inside of the scrubbers. Originally these 
sprinklers were without the nozzle N’. The action was the same as 
far as the distribution and the atomization of the water was con- 
cerned, but with the serious drawback that the dirty gas could reach 
the upper part of the sprinklers and deposit dirt on the sight glasses, 
which scon became useless. By the insertion of nozzle N’ this 
trouble was successfully overcome, as the water flowing through 
this nozzle completely seals the upper part of the sprinklers so that 
the glasses can be removed during operation without danger from 
escaping gas. The great advantages of this type of sprinkler 
are that a clogging of the water passages can never occur, and 
uniform distribution of the water can always be obtained. Their 
operation has been exceedingly satisfactory. All water piping on 
top of the wet serubbers is housed-in for protection against 
frost. 

43 The lower part of the wet scrubbers dips with a conical exten- 
sion into a water seal provided in the conerete foundation. The 
muddy water is carried off through an overflow pipe reaching to the 
bottom of the seal, thus keeping the water in constant circulation and 
thereby effectively preventing any accumulation of mud in the seal. 
It was found advantageous, however, to introduce into this overflow 
passage and reaching to the bottom of the seal, a l-in. pipe through 
which water under pressure is constantly discharged, stirring up the 
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Dry Dust-Catcner System at FURNACES 5 AND 6 
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sediment and keeping the water in motion. On the two new wet scrub- 
bers recently installed this type of water seal was abandoned in favor 
of the simple arrangement shown in Fig. 11D. 

44 The waste water from these scrubbers flows into a large set- 
tling tank, which was installed to prevent a possible clogging of the 
main sewer. Both compartments of the settling tank, which was in 
operation about two years. have since been completely filled with 
mud, but as the dust in suspension does not prove to be troublesome 
in the sewers, little attention is being paid to their regular cleaning. 

45 When in the early part of 1909 four additional gas blowing- 
engines for blast furnaces No. 1 to 4 were purchased, an increase in 
the capacity of the gas-cleaning plant was necessary, and since in the 
meantime the question of dry cleaning the raw gas at the furnaces 
had been solved, it was decided to change the two original dry dust 
catchers into wet scrubbers. As soon as the voluminous dry dust 
catcher system at the furnaces (Fig. 14) was in operation its effect was 
noticed in the materially reduced efficiency of the dry dust catchers 
in the preliminary gas-cleaning plant. These had formerly removed 
a great deal of heavy, dry flue dust, but suddenly became practically 
useless, and only a little dust, now in the form of mud, was taken 
out. While the change from dry dust catchers to wet scrubbers was 
being made, in the second half of 1909, only the two original wet 
scrubbers were in operation. In the near future four wet scrubbers, 
of sufficient capacity to take care of the preliminary washing of the 
gas required by 40,000 h.p. in gas engines, will be in use. Fig. 15 
shows the general arrangement of the gas power installations at 
present. Fig. 16 is a diagram of the pathof the gas through the new 
wet scrubbing plant, showing the combinations in which the four serub- 
bers can be operated. Fig. 7 shows the gas main carrying the clean 
gas from the wet scrubbers to the secondary cleaning plant. Atten- 
tion is called to the design of the supports of this pipe line, which are 
built as so-called dust legs, wherein water and flue dust are deposited, 
and drawn off occasionally through bell valves. The clean gas main, 
while not self-cleaning, is arranged to slope in both directions. At 
certain intervals circular water pipes with spray arrangements are 
installed for flushing the clean gas main, and at the points where a 
sudden change of direction of the gas occurs sealed holes are provided, 


through which a thorough cleaning of the pipe line can be made, with 
fire hose and high-pressure water, during the operation of the plant. 

46 After leaving the wet scrubbers, the clean gas, as it is called, is 
in such a condition that it could be used under boilers and in hot blast 
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stoves, if desired. In 1909 it contained an average of not more than 
0.318 grains of dust and not over 5.62 grains of moisture per cubic foot. 
Its purity therefore nearly complied with the requirements of Euro- 
pean blast furnace plants where 0.5 grammes per cubic meter (0.218 
grains per cu. ft.) is considered a desirable degree of cleanliness for 
stove and boiler gas. 


IMPORTANCE OF GAS-CLEANING 


47 Clean gas as delivered by the preliminary washing plant is, 
however, not sufficiently purified for gas engine purposes. Not so 
very many years ago it was thought in good faith that gas engines 
could operate on dirty gas, and it required years of costly experiment- 
ing to develop the art of gas purification to its present perfection, after 
the far-reaching importance of the problem was at last understood. 
Its magnitude can be better appreciated if the total quantities of gas 
and dust which are handled in such a cleaning plant during a certain 
period of time are considered. The following figures apply to the gas 
power plant under discussion for the year 1909. 

48 The total numberof kilowatt-hours generated by the gas engine 
installation was 50,494,100. The average heat consumption per 
kilowatt-hour was 17,234 B.t.u. The average heat value of the gas by 
calorimeter was 98.3 B.t.u. per cu. ft. The gas engines consumed there- 
fore per kilowatt-hour 175.3 cu. ft. of gas, or in the year 1909 a total 
of 8,851,615,730, or nearly 9,000,000,000 cu. ft. This total quantity 
of gas reached the wet scrubbing plant containing on an average 1.533 
grains of dust per cubic foot. There were consequently carried into 
the wet scrubbers during the whole year 1,938,500 1b. or 865 gross tons, 
of flue dust. To appreciate fully the meaning of this enormous figure 
it may be remembered that to haul this quantity away, a freight train 
of twenty gondola cars of 100,000 lb. capacity would be required. The 
average amount of dust in the clean gas for the year was 0.3183 gr. 
per cu. ft.; so that it carried 402,500 lb., or 180 gross tons of flue dust 
into the secondary cleaning plant. The difference of 685 tons was 
taken out by the wet scrubbers and carried off into the settling tanks. 
Expressed in per cent of the original quantity of dust, the wet scrub- 
bers removed 80 per cent of the impurities. The Theisen gas washers 
further took out from the gas 176.7 tons, leaving only 3.3 tons in the 
fine gas, since the average amount of dust in the latter was 0.00583 
grains per cu. ft. The Theisen washers had therefore an efficiency of 
98 per cent, shared by clean gas main, fine gas main and gas holder. 
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The over-all efficiency of wet scrubbing and secondary cleaning plants 
was 99.5 per cent, since of the origina! 865 tons 861.7 tons was removed 

j from the gas and only 3.3 tons entered the gas engines. Of the latter 
quantity only a small amount remained in the engine cylinders, since 
the bulk of the dust is swept into the atmosphere at each exhaust 
stroke. These figures will give a good idea of what it would mean if 
gas engines were operated on clean gas, not to speak of dry-cleaned 
gas, and yet this was attempted in the early history of the blast 
furnace gas engine. 


SECONDARY CLEANING PLANT 


49 It is generally recognized that blast furnace gas cannot be 
cleaned sufficiently for engine purposes without the expenditure of 
power, and that a satisfactory refining can only be performed in ro- 
tary gas washers on the “‘dynamic”’ principle, in contradistinction to 
the preliminary washing for which ‘‘static’’ methods are usually 
found to be fully adequate. Among the rotary gas washer systems on 
the market, the Theisen washer is considered to be mechanically well 
designed and very efficient. The Theisen washer installation consisted 
in 1909 of four washers, each of 15,000 cu. ft. per min. capacity. One 
additional washer has been installed recently on account of the new 
gas blowing-engines. Fig. 17 is an interior view of the Theisen washer 
building, and Fig. 18 shows the plan and elevation of this installation. 
The Theisen washers are arranged in two rows in a fireproof building, 
with the clean gas main overhead between them, and inlet pipes to the 
suction end of each washer. The outlet pipes pass through the build- 
ing to water separators and to a ring main which delivers the gas 
through a 5 ft. fine gas main about 500 ft. long to the power station 
gas holder, and through a 4 ft. 6 in. fine gas main about 1,000 ft. long 
to the blowing-engine gas holder. 

50 The Theisen washer, shown in sectional view in Fig. 19, consists 
essentially of a closed drum fitted on its outer surface with longitudinal 
blades arranged in spirals. This drum, supported by a shaft in two 
water-cooled ring-oiling bearings, rotates at high speed inside of a sta- 
tionary casing of conical shape. The inlet end is equipped with suc- 

r é | tion vanes while on the discharge end an exhaust fan is firmly attached 
, to the drum. The gas is introduced into the annular space between 
revolving drum and conical casing and discharged by the fan into a 

water separator. The operation of the washer is as follows: 

51 The suction vanes draw the gas from the inlet pipe and deliver 
it to the longitudinal vanes, which have an inclination to the axis of 
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the drum so as to oppose the flow of the gas through the washer. The 
discharge fan at the outlet end of the drum, however overcomes this 
tendency and discharges the gas under positive pressure of afew inches 
of water. The clearance between the outer edge of the longitudinal 
blades and the inner surface of the stationary casing is not more than 
lin. and the gas passing through this narrow space under high pres- 
sure imparts to the water introduced at several points into the casing 
a movement in long spirals in an opposite direction to its own travel. 
This flow of water in the form of a film covering the inner surface of the 
stationary casing, is assisted by the conical shape of the latter, taper- 


Fic. 17 ViEW OF THEISEN WASHER BUILDING 


ing off towards the gas inlet. The surface of contact between gas and 
water is materially increased by wire netting, closely fitting the inside 
of the casing. By the intimate action of the water on the gas the dust 
particles are thoroughly moistened, and being weighed down by water 
drops, are thrown by centrifugal force into the rotating film of water, 
to be carried away through a seal into the sewer. The gas leaving the 
washer is charged with more or less moisture in the form of mist, which 
is removed from the gas in the Theisen washer separator, consisting 
principally of a removable box filled with iron shavings held in place 
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by wire netting. The gas striking the iron shavings with great velocity 
deposits its moisture, and as it has to reverse its direction it cannot 
pick it up again, but leaves the separator in a comparatively dry con- 
dition. Gate valves serve for regulating the quantity of gas entering 
the different washers, and for shutting off any washer without inter- 
fering with the operation of the plant. 

52 The two gas holders, of 100,000 cu. ft. capacity each, were 
installed primarily to give a constant pressure of about four inches of 
water column at the gas engine throttle. Incidentally, however, they 
serve as reservoirs and as water separators. Since a gas holder was 
originally not contemplated for the gas blowing-engine installation 
an additional water separator, shown in Fig. 20, was provided in the 
fine gas main to the gas blowing engine house, the design of which is 
based on a well-known principle. A number of angle irons serve as 
baffles, dividing the gas into a number of streams which are forced to 
change their direction several times while passing through the rows of 
angle irons. The latter are placed “straddling” similar to the wooden 
slatsinthe wet scrubbers. A bell valve at the end of a long pipe serves 
to remove the accumulated water. Each gas holder is of the single- 
lift type, with bell 59 ft. 6 in. in diameter by 36 ft. high. Both holders 
have separate gas inlet and outlet pipes to obtain continuous circula- 
tion in the holder and prevent the pocketing of stale gas. While in 
the power station holder this idea was carried out to the extent of 
having inlet and outlet pipes at opposite ends of one diameter, the 
blowing-engine gas holder has these pipes side by side, but with the 
inlet turned a little to impart to the gas a rotating motion. Inlet and 
outlet pipes can be used as water seals to shut off the gas holder in case 
of necessity. To prevent the possible collapse of the gas holder bell, 
in case the supply of gas should be interrupted and a vacuum created 
underneath the holder |.cll, a dise valve supported by chains from the 
holder crown is located exactly above the mouth of the outlet pipe as 
shown in Fig. 21. When the holder bell descends until it rests on its 
landing beams, this valve will close the outlet opening, preventing : 
vacuum under the bell. 

53 The discharge pressure of the Theisen washers is about 8 in. 
higher than the pressure on the suction side, and as the latter is quite 
variable, the former will also vary within considerable limits. It is 
of course possible to regulate the pressure in the fine gas main by 
means of the gate valves arranged in the Theisen outlets; but since 
these pressure variations are almost continuous, the gate valves would 
have to be adjusted by the operators practically all the time, unless it 
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were desired to resort to the complication of electrically operated 
valves under automatic control of the gas pressure. To simplify this 
necessary regulation a butterfly valve was installed in the inlet pipe 
to each gas holder and operated by the holder bell itself by means of a 
wire cable fastened to it and carried over a system of pulleys as shown 
in Fig. 21. This device works in the following manner: 

54 When the gas holder is empty, the butterfly valve is wide open 
and the counterweight hanger H with weights W is in its bottom posi- 
tion. When the bell ascends, hanger H rises without affecting the 
butterfly valve until bumper bracket B is reached, which prevents the 
further travel of the hanger. The movable pulley P now becomes sta- 
tionary, and the rising holder bell acts through cable C on the butter- 
fly valve throttling and finally tightly closing it, the effect being pre- 
cisely the same as if the gate valves on the Theisen washer outlets had 
been throttled or closed. The washers continue to operate, but cease 
to deliver until the descending gas holder bell again opens the butter- 
fly valve. This action is perfectly automatic and it is impossible for 
more gas to enter the gas holder than is being taken out, so that any 
number of gas engines can be started orshut down at any time without 
the slightest adjustment at the Theisen washers. 

55 Without this automatic regulator this is what would happen: 
The weight of the gas container gives a constant pressure of 4 in. of 
water column in the outlet pipe and the Theisen washers deliver a 
constant quantity of gas as long as the gas pressure on the suction side 
is constant. With a certain number of gas engines in operation, and 
the gas demand equal to the gas supply, the gas holder bell will float 
in a certain position. If, however, one or several engines are stopped, 
the gas demand will decrease and as the gas supply remains constant 
the bell will rise into its top position, determined by the height of the 
water seal in the holder tank. Any further rise will break this seal, 
causing gas to escape from underneath the holder bell. This will con- 
tinue until more engines are started and the gas demand is again equal 
to the gas supply, or until the Theisen outlets are sufficiently throttled 
to reduce the quantity of gas delivered. The disadvantages are ob- 
vious. Not only will the breaking of the seal cause large quantities 
of water to be thrown out, but the escaping gas, aside from being un- 
necessarily wasted, will dangerously foul the surrounding atmosphere. 
The automatic butterfly valve, balancing perfectly the gas demand 
and the gas supply, eliminates these troubles very effectively. 

568A by-pass line permits the operation of the gas engines directly 
if for any reason the holder is out of commission. Each holder de- 
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livers the gas into a large main located on the outside of the gas engine 
buildings, as shown in Fig. 22. Individual branch pipes lead the gas 
to each engine, which can be isolated from the gas main by bell valves 
or water seals, as shown in Fig. 23u. The gas pipes leading to the 
engines, as well as all gas mains, are carefully drained by auto- 
matic overflows, an important feature. 


Fic. 22) Exrertor View or Power House; Gas HOLDER AND Gas RECEIVERS 


PERFORMANCE OF THE GAS-CLEANING PLANT 


57 The physical qualities of the gas of importance from the stand- 
point of gas engine operation, are its pressure, temperature, dryness 
and cleanliness. These conditions, and particularly the last, if 
ascertained and suitably recorded at various stages of the cleaning 
process, are valuable indicators of the efficiency of the gas-cleaning 
plant; very few blast furnace plants, however, pay sufficient attention 
to their regular routine determination. As arule tests are being made 
and results recorded only so long as the gas engine installation is new 
and therefore of all-absorbing interest. Particularly if the operation 
of the plant seems satisfactory, the interest is soon lost and the plant 
is left entirely to the care of the operating men, who soon are the only 
authorities on the machinery in their charge. The knowledge that 
can be obtained from them is of questionable value, as it is often based 
on good memory only, and gathered in hit-and-miss fashion. All 
operative results of a gas power plant should be recorded with as 
thorough care as is usually afforded the operation of steam plants, or 
even more, since the gas engine is more susceptible to variations in 
the quality of its fuel. 
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58 The question is often asked, what can be the advantage of 
keeping exact records if the recorded results vary comparatively little 
during the year’s operation, and whether the game is worth the 
candle, assuming that the expenditure is far in excess of the benefit 
derived. The questioner overlooks, however, that only by keepingsuch 
records can it be determined whether the conditions really are gener- 
ally uniform; and that this uniformity is in many instances due to the 
careful watching and recording of the phenomena involved. Besides 
it was found, in over two years’ experience at the plant under dis- 
cussion, that the expense of ‘“‘ keeping the finger on the pulse”’ of the 
gas power plant is so small and so easily absorbed that it is insignifi- 
cant. The expense connected with the maintenance of a special gas 
laboratory, for instance, has never as yet noticeably increased the cost 
of pig iron, and the three-hourly readings at the gas cleaning plant are 
being taken, without additional expense, by the operators themselves, 
who are assisted and checked in their work by recording instruments 
installed wherever expedient. It has been found, too, that the instal- 
lation is being given much more care by the operators, since they are 
compelled to go over the whole plant on regular beats, in order to take 
the various readings. The general appearance of the gas cleaning 
plant shows unmistakably the influence of this continuous inspection. 
It is only natural that the operators should themselves become inter- 
ested in their readings and compare the results from day today. They 
soon make changes and improvementsin the equipment, of their own 
accord, and will operate the plant at a much higher standard of 
efficiency. 

59 Fig. 6 and Fig. 24 show two of the standard record forms, 
which are self-explanatory. The data collected on the various report 
sheets are tabulated and plotted on charts in the engineering depart- 
ment so as to show the daily, monthly and yearly averages. These 
records are very valuable from an operating point of view. The 
economy of a gas-purifying plant, for instance, is dependent on a 
number of elements, among which the plant efficiency is not of least 
importance. It involves the question of total cost per unit of gas, 
of electric light and power consumed in the plant, of operating labor, 
labor and material used in repairs, and lubricants in relation to the 
degree of cleanliness and the amount of moisture obtained by this 
total expenditure in the same gas unit. The majority of these ele- 
ments can be controlled when the variations to which they are sub- 
jected are known, by voluntary or involuntary changes, but this 
knowledge can be acquired only through close and continuous ob- 
servation. 
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60 Suppose, for example, the dust determinations of a certain day, 
or of several consecutive days, show a much higher amount of im- 
purities in the engine gas than usual. Steps to remedy this condition 
may be taken immediately. As a rule an increased amount of water 
in the preliminary washing plant, or on the Theisen washers, will have 
the desired effect; or an additional washer can be started, thereby 
decreasing the load on each unit and giving the gas an additional 
scrubbing. Without the daily record this increase in dust might not 
be noticed until trouble arose in the engines; or a clogging of the wet 
scrubbers or of the gas flues might not be noticed until the effect of a 
restricted gas passage was shown in the reduced output of the power 
plant. 

61 For example, on consulting the daily records in September and 
October 1908, it was noticed that the gas pressure between the two 
wet scrubbers was considerably lower than that in the collecting flue, 
a state of affairs particularly annoying at that time as another period 
of insufficient gas supply was on hand. It was first thought that 
the hurdles in wet scrubber No. 1 were clogged by dust bridging 
over between slats. Simultaneous readings of the pressure gages on 
either side showed a difference of 1} in. to 2} in. After flushing the 
scrubber for 30 minutes by opening wide all the top sprinklers and side 
flush-outs, which are situated half way between top and bottom of 
the scrubber, and using 1,800 gal. of water per minute, this differ- 
ence did not disappear, indicating beyond a doubt that no obstruc- 
tion had occurred in the scrubber. It was finally found that the 
scrubber inlet pipe was nearly filled with mud at the point where it 
turns at a slight angle into the wet scrubber shell and a heavy stream 
of water soon removed the obstruction. 

62 In March 1909 the amount of flue dust in the dry cleaned gas 
increased rather suddenly from 0.56 grains per cu. ft. on March 3 
to 1.53 grains per cu. ft. on March 5. The amount of water on wet 
scrubber No. 2 was increased from 400 to 500 gal., and decreased from 
400 to 350 gal. per min. on the Theisen washers. The effect was a 
material improvement in the wet scrubber efficiency, while the amount 
of dust in the fine gas was hardly affected. This is illustrated in Fig. 
25, showing the daily averages of the dust contents in the gas, etc. 
In this manner the total amount of water for wet scrubbers and Thei- 
sen washers as well as the relative quantities for scrubbers No. 1 and 
No. 2, were changed frequently during the year to conform with the 
demands indicated by variations in the recorded results. The methods 
and instruments used to obtain these records are given in Appendix 
No. 3. 
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RECORDS AND RESULTS OF OPERATION OF THE DRY-CLEANING PLANT 


63 Before the existence of the dry cleaning system at the blast 
furnaces the two dry dust catchers in the preliminary gas-cleaning 
plant proved very satisfactory in operation and efficiency, and the 
effect of unlined gas flues and dust catchers on the reduction in tem- 
perature of the gas was greater than had been anticipated. The tem- 
perature at which the gas leaves the furnace top averages about 400 
deg. fahr. with the furnaces in normal operating condition. This 
temperature may, however, reach 700 and 800 deg. when abnormal 
conditions of operation are caused by high coke consumption, irregu- 
lar working, etc., and furthermore when special grades of iron, such as 
ferrosilicon or spiegeleisen are produced. When formerly all fur- 
naces discharged their gas directly into the brick-lined overhead flue 
the temperature of the gas at the entrance of the gas-cleaning plant 
was considerably higher. Thus in 1908 the average temperature at the 
main water seal, according to Bristol pyrometer records, was as fol- 
lows in degrees fahrenheit: 


March | April! May | June July Aug. Sept. Oct. Nov. Dee. Avg. 
650 500 483 531 426 410 303 312 299 329 425 


The drop in temperature of the gas, due to radiation of heat through 
the walls of unlined piping and dry dust catchers, was quite pro- 
nounced. See Appendix 4, Table 1. In round numbers about 50 per 
cent of the sensible heat carried by the gas into the dry-cleaning plant 
was removed by radiation. 

64 An attempt was made to determine the number of B.t.u. 
radiated per hour per square foot of radiating surface of the dry dust 
catchers to obtain a basis for future calculations. For five different 
days the B.t.u. loss per square foot of radiating surface per degree dif- 
ference in temperature per hour was 1.29; 0.99; 1.105; 1.11; 1.33; with 
an average for all observations of 1.165. 

65 After the dry dust catcher system at the blast furnaces was put 
in operation conditions changed considerably, as the gas passing 
through the voluminous unlined dry dust catchers and the overhead 
gas main, the brick lining of which had been removed in April 1909, 
lost so much heat by radiation that it entered the gas-cleaning plant 
at a much lower temperature than before. This temperature is very 
uniform at present, averaging about 300 deg. fahr. The heat-radiat- 
ing effect of the dry-cleaning plant, however, is maintained, reducing 
the average temperature of the gas before it enters the wet-cleaning 
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plant about 56 per cent as shown in Fig. 26, which gives the average 
monthly figures for 1909. Since the cooling effect takes place without 
the use of water, it is obtained entirely without cost. 

66 This cooling of the gas to a temperature considerably below 212 
deg. in 1909 caused heavy condensation of moisture in the pipes and 
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dry dust catchers. This proved to be of considerable value in the 
process of gas cleaning, since the finer particles of dust were weighed 
down by microscopical globules of water and thus more easily sepa- 
rated from the gas. The dust removed in the dry cleaning plant ap- 
peared mostly in the form of mud, which accumulated at all points of 
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change in direction of the gas flow, and especially in the dry dust 
catchers where the velocity was very small. The difficulties en- 
countered in trying to remove this mud during the operation of the 
plant formed one of the reasons for abandoning the dry dust catchers 
at the gas-cleaning plant. As outlined in Appendix No. 3, several 
attempts to obtain reliable data concerning the dust-removing effi- 
ciency of the dry-cleaning plant proved futile, but an idea can be 
gathered from the fact that on an average a carload of dry dust weigh- 
ing about twenty-five tons was removed every other week, while a 
large quantity was blown away by the wind. 

67 The condition in which the gas was delivered to the next stage 
of cleaning is shown in charts (Figs. 25, 27 and 28) and in Appendix 
4, Table 2, wherein the monthly averages as well as the daily varia- 
tions of the dust contents in the dry cleaned gas are given. These 
curves and particularly Fig. 28, which gives the daily amount of flue 
dust in dry cleaned and clean gas for the period from August to De- 
cember 1909, drawn to a larger scale, indicate quite violent fluctua- 
tions which are due to different operating conditions of the blast 
furnaces. 

68 Heavy slipping will naturally increase the dust contents in the 
raw gas beyond measure. It has an effect very similar to an explosion, 
as the sudden upheaval of the stock in the furnaces causes a momen- 
tary rise in the gas pressure, illustrated on pressure chart Fig. 1. The 
velocity of travel of the gas through the pipe lines after a slip can easily 
be observed in the rapidity with which clouds of flue dust belch forth 
from boiler stacks, nearly 1,000 ft. from the source of disturbance, 
only a very few seconds after the slipping. Besides the momentary 
increase in the quantity of dust caused by slipping the furnaces, 
considerable amounts are added from the deposits of flue dust in pipe 
lines, dust legs and dry dust catchers, accumulated for hours and 
days, and disturbed by the sudden high velocity of the gas. 

69 ‘The nature of the furnace product has a great deal of influence 
on the quantity of flue dust produced. While Bessemer and basic fur- 
naces produce about equal amounts in the plant under discussion, 
ferrosilicon and spiegel furnaces make very much more, which more- 
over is very fine and cannot easily be removed from the gas—especi- 
ally not by dry cleaning alone. Thus for instance a sudden increase 
of 270 per cent in the dust contents in the dry cleaned gas occurred 
in March 1909, due to the following cause: For several months pre- 
vious the raw material charged into the furnaces had been consider- 
ably ‘“‘watered”’ to reduce top temperatures and flue dust losses. On 
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February 28, 1909, the watering of the stock was suddenly discon- 
tinued. The result was an increase of nearly 100 per cent in the dust 
contents in the dry cleaned gas, as shown in Fig. 25. It begins with the 
day ending March 4 and shows great fluctuation, while after March 
24 a sudden decrease occurs and the amount of dust for the rest of the 
month shows considerably more uniformity. 

70 The reduction was due to the fact that on March 24 the water- 
ing of the stock was resumed in a moderate way. The average amount 
of flue dust in the dry cleaned gas in February was 0.4787 grains, 
against 1.2951 grains per cu. ft. in March, the corresponding increase 
of dust in clean gas being from 0.1224 grains in February to 0.2238 
grains per cu. ft.in March, or about 200 per cent. The quantities of 
gas cleaned per minute were almost exactly the same, namely 14,765 
cu. ft. in February and 14,717 cu. ft. in March, so that the records 
are directly comparable. It cannot be estimated even, how much 
dust the raw gas contained during March, but when the dry dust 
catchers were opened for examination on April 3 it was found that 
the mud in the bottom cones had accumulated to the umbrella, 
while large dust and mud deposits were discovered in the piping 
even, the latter having lost its self-cleaning qualities due to the 
nature of the deposits, which in their muddy condition refused to 
slide down into the dust legs. 


PERFORMANCE OF WET-SCRUBBING PLANT—-COOLING AND CONDENSING 
EFFECT 


71 The preliminary wet-scrubbing plant was particularly success- 
ful and efficient, and the operation of the wet scrubbers has been 
continuous ever since starting in November 1907. Several examina- 
tions of the wet scrubbers took place, at times when the gas power 
station was shut down entirely, and it was invariably found that 
both were in perfect condition. Aside from a thin coating of slimy 
flue dust, which seems to have penetrated into the pores of the wood, 
there was no sign of any deposit on or around the hurdles. Since oxy- 
gen is practically entirely absent, rotting of the woodwork is impossi- 
ble. From observations of the condition of the wet scrubbers the con- 
clusions may be drawn that it is unnecessary to be particular in select- 
ing the quality of lumber for manufacturing the slats and that dressing 
it all over could possibly be dispensed with. The distance between 
the slats could be made very much smaller than in the two original 
wet scrubbers, and a spacing of about three inches was adopted for 
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the two newones. No difficulties of any description were encountered 
in the operation of these scrubbers, and the overflow arrangement 
from the water sealed basins, shown in Fig. 11), as well as the disposal 
of the dirty washing water never caused any trouble. 

72 In Fig. 26 and in Appendix 4 (Table 3) are shown the effects 
of wet cleaning upon the temperature of the gas and the corresponding 
fresh and waste water temperatures. A comparison of the curves 
shows that the gas was cooled practically to water temperature, 
and records show that this cooling action is nearly limited to the first 
wet scrubber, as the temperature of the gas between the wet scrubbers 
was only a few degrees higher than the clean gas temperature. The 
average temperature of the clean gas for the first half year was 54.7 
deg., while the temperature of water supply was 53.3 deg. for the same 
period. For the second half of 1909 these temperatures were 67.4 
and 66.7 deg. respectively. The yearly average temperature of the 
clean gas was 61.1 deg., while the yearly average temperature of the 
water supply was 60.0 deg. The temperature of the waste water 
from scrubber No. 1 was on an average 20 deg. higher than the tem- 
perature of the fresh water, while the water from wet scrubber No. 2 
did not exceed the average water supply temperature more than 1.7 
deg. fahr. The first wet scrubber naturally removed the bulk of the 
dust, as was indicated by the muddy, black appearance of the waste 
water, but a good share of the cleaning was done by the second scrub- 
ber, judging by the reddish-brown color of the water discharged. 

73 The cleansing efficiency of the wet scrubbers, that is, the 
ratio of the amount of dust removed by the scrubbers to the total 
amount which they receive is given in Figs. 25, 27 and 28 and in 
Appendix 4, Table 2, showing the amount of flue dust in clean gas, 
with its daily and monthly variations. The average efficiency of the 
wet scrubbers was nearly 80 per cent during the first, and 78.8 per 
cent during the second half of 1909, while the average yearly efficiency 
reached 79.3 per cent. The drop in the second half, and particularly 
in September and October, is due to the ferrosilicon and spiegeleisen 
runs on blast furnace No. 1. If the relatively high amount of dust 
in the dry-cleaned gas for the same period is considered, as well as the 
fact that silicious dust is exceedingly difficult to remove, this reduced 
efficiency is not surprising. 

74 Of greatest interest is the effect of wet cleaning on the amount 
of moisture in the gas. This information is given in Fig. 25 and Fig. 
29. While the quantity of water used at the wet scrubbers was con- 
siderable, averaging 82.8 gal. per 1000 cu. ft. of gas cleaned, the aver- 
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age amount of moisture in clean gas was only 6.62 grains per cu. ft. 
with a maximum of 13.243 grains in August and a minimum of 
2.61 grains in April. By comparing these figures with the corres- 
ponding average amounts of moisture in atmospheric air, an interest- 
ing coincidence will be noted, as the maxima in both cases occurred 
in August while the minima obtained in April. In Appendix 4 are 
detailed results of tests made to determine the cooling and condensing 
effects of the wet scrubbers. 


PERFORMANCE OF SECONDARY CLEANING PLANT 


75 The Theisen gas washer installation in the secondary cleaning 
plant was very successful, both in regard to the mechanical operation 
and the cleaning efficiency of the washers. Theisen washer No. 1, 
started in 1907, was opened for examination on February 6, 1909, 
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after about 7,400 hours of operation. The condition of this washer 
was as follows: The drum was almost perfectly clean, the longitudinal 
vanes showing a coating of soft mud about 3 in. in thickness and 10 
in. in length on the back side near the gas inlet. The total amount 
of mud and dust on the vanes when dried filled a 3}-gal. water pail 
twice, and, except to repaint the drum, the washer needed no attention. 
The paint was worn off the front of the vanes only, especially on the 
outer edges. The wear of the water on the longitudinal vanes, due to 
its velocity and its contents of granulated cinders, was quite notice- 
able at the points were the water happened to impinge. On account 
of a slight construction defect and the inadvertent use of hard high- 
carbon steel in their manufacture some of these vanes cracked along 
their rivet holes and needed replacing. Softer low-carbon steel has 
since been used and the longitudinal vanes braced, as shown in 
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Fig. 19, and this trouble has not again occurred. The wear in the 
babbitt-lined bearings allowed the shaft to lower about 1/32 in. 

76 The wire netting was absolutely clean, while somewhat cor- 
roded in places on the bottom, and the claim that this washer is self- 
cleaning was fully substantiated by the examination. Theisen washer 
No. 2 was opened in March 1910 for its second examination after 
nearly 9,300 operating hours, and its condition was found to be equally 
satisfactory. The accumulations of mud were very slight as shown in 


Fic. 30 THrisEN WASHER DURING EXAMINATION 


photographs, Fig. 30 and Fig. 31, which were taken immediately after 
removing the top half of the casing. The washers can run continuous- 
ly for months without being shut down, except for occasional cleaning 
of the motors. All smaller repairs on these washers, as well as on the 
whole gas-cleaning plant, are made by the operators, and the expen- 
diture for lubricants and other supplies is amazingy small. 

77 The chart in Fig. 2 shows that the average gas pressure 
after the Theisen washers was only slightly in excess of the aver- 
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age raw gas pressure, the difference being about 3 in. of water column. 
The advantage of this slight pressure difference is obvious, in contrast 
with the considerably higher pressure given by so-called hydraulic 
fans. Superfluous pressure for the transmission of the gas to the point 
of consumption, must be paid for in excess power. The gas tempera- 
ture at the Theisen washer inlet was practically water temperature, 
while the temperature of the gas delivered by the Theisen washers 
was found to be on an average 2 deg. to 3 deg. higher, a difference 


Fig. 31 THuetseN or Dust DeEposir 


explained by the fact that the mechanical work consumed by the 
Theisen washers must be transformed into heat, which in portion is 
imparted to the gas. On its way to and in the gas holder this heat is 
again radiated, so that the gas temperature at the engines practically 
equals the temperature of water supply, and only a little difference 
ean be observed between the atmospheric temperature and the 
temperature of the fine gas (See Fig. 26). 
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78 The performance of the Theisen washer as a gas cleaner, con- 
sidering the variety of conditions of furnace operation, was beyond 
reproach. By referring to the daily and monthly averages, given in 
Table 4 of Appendix 4 and plotted in the charts in Fig. 25 and Fig. 
27, it will be noted that the efficiency of the secondary cleaning plant, 
that is, the ratio of the amount of dust removed by refining to the 
total amount contained in the clean gas leaving the preliminary wash- 
ing plant, averaged 98.1 per cent. While this figure in itself is remark- 
able, it is of much more importance that this efficiency, as shown by 
the close coincidence of the monthly average figures, was exceedingly 
uniform, varying from a maximum of 99.1 per cent in October, to a 
minimum of 95 per cent in December 1909. The average efficiency 
for the first half-year was 97 per cent, while the corresponding figure 
for the second half reached 98.7 per cent. The great variations to 
which the amount of flue dust in dry cleaned gas was subjected during 
the year, especially however in March and April and during the period 
from the latter part of August until the middle of December, did not 
particularly affect the efficiency of the secondary cleaning plant, since 
in September and October, when the amount of flue dust in dry 
cleaned gas averaged 3 to4 grains per cu. ft., the efficiency of the secon- 
dary washing plant shows a very marked uniformity— the average 
from August 25 until November 5 being 98.87 per cent—-while the 
efficiency of the wet scrubbing plant gradually decreased from 83 
per cent in July to 75 per cent in August, 69 per cent in September, 
and 57 per cent in October. The amount of flue dust in fine gas dur- 
ing these months was, of course, higher than in any previous period, 
but the efficiency of refining was nearly a constant maximum, irre- 
spective of the dust conditions of raw and clean gas and of the quality 
of the flue dust. 

79 During September and October, when furnace No. 1 made its 
ferrosilicon run, the color of the waste water from wet scrubbers and 
Theisen washers was very milky, and the dust so high in quantity, 
and so peculiar in quality, that considerable accumulations occurred 
in the clean gas main and at the inlet gate valves of the Theisen 
washer. The silicious flue dust seemed to set like cement, and 
lumps of considerable size and of great hardness had to be removed 
with a bar, fromtheinlet gate valves of the Theisen washer. Never- 
theless the efficiency of the secondary washing plant during these 
twomonths was higher than during any other period. 

80 In the previous paragraph the term “efficiency of the second- 
ary cleaning plant’’ was used deliberately in order to indicate that in 
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this remarkable showing gas mains and gas holder participated. The 
clean and fine gas flues, connecting wet scrubbers, Theisen washers and 
power station gas holder, have a combined length of approximately 
1000 ft., and a diameter of 5 ft. 6 in. and 5 ft. respectively. The total 
quantity of gas passing these mains per minute averaged 16,900 cu. 
ft., with a maximum of 20,300 cu. ft. in October, and a minimum of 
13,600 cu. ft. in January. The velocity of the gas while traveling 
through these pipes did not exceed therefore 14 ft. per sec. in the clean 
gus main, and 17 ft. per see. in the fine gas main. At this low velocity 
some impurities will undoubtedly drop out in the clean gas main, 
with the finely divided water which is carried along by the gas. The 
fine gas main, however, was always found practicaliy clean; and while 
an examination of the gas holder tank has not been made, it ts not 
believed that any great quantities of flue dust would be found in the 
bottom of the tank, as the dust in the fine gas is so impalpable that 
the fine gas burns with absolutely clear blue flame. However, in order 
not to credit the Theisen washers alone with removing 98 per cent 
of the dust from the clean gas, the efficiency is stated as embracing 
the secondary washing plant as a whole, or the combination of gas 
pipes, Theisen washers, water separators and gas holder. 

81 That the Theisen washers must be credited with the bulk of 
the work is proven by the test summarized in Table 5 of Appendix 4. 
From the results given it will be seen that the efficiency of the clean 
gas main averaged 16.5 per cent while the fine gas main and the gas 
holder removed only 6 per cent of the dust delivered by the Theisen 
washers, or 0.23 per cent of the dust in the clean gas, proving that but 
little cleaning is done by gravity and reduced velocity. The Theisen 
washers had nearly 95.5 per cent absolute efficiency during the week 
when the tests were made, while their relative efficiency, based on the 
amount of dust in clean gas, was 79.64 per cent. It is safe to assume 
that similar conditions prevailed during the year 1909 and that the 
same relative proportions hold true at any time. The inconsistency 
in some of the results obtained afterthe Theisen washers and after the 
gas holder, which wouid indicate the impossible condition that the 
gas picked up a certain amount of dust on its way from washers to 
holder, is due to the small quantities on the shell of the Brady filter, 
which have to be dealt with in fine gas and cause errors in observa- 
tions. 

82 Since starting the gas power plant in 1907 the absolute amount 
of dust in the fine gas naturally continued to increase gradually, cor- 
responding to a similar increase in the amount of gas cleaned per 
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minute, shown in Fig. 32. At the beginning of operations the gas 
engines received gas of a degree of cleanliness excessive for practical 
purposes. Thus the average dust contents in the fine gas in the second 
half of 1908 was only 0.0036 grains per cu. ft., or 0.0077 grams per cubic 
meter, which is much less than the average usually guaranteed. An 
excessive purification of blast furnace gas, even for engine purposes, 
is unwarranted, because the atmosphere in a steel plant is usually 
very dirty, and it seems quite out of place to purify the gas to a higher 
degree of cleanliness than the combustion air, unless the latter is to 
be subjected to a similar cleaning process. Tests made in July 1909 
to determine the quantity of impurities contained in the air near the 
air intake of the gas engines showed the amount to be between 0.0005 
and 0.0052 grains per cu. ft. with an average of determination (given in 
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Fig. 32 Gas Consumen, Cu. Fr. Per Min. (Montuiy AVERAGES) 


Table 6, Appendix 4) of 0.00346 grains per cu.ft. The amount of dirt 
in the air is therefore by no means a negligible quantity. The detri- 
mental character of these impurities is also apt to be under-estimated. 
In Appendix 4, Table 7 is a comparison of the chemical analyses of 
samples of the deposit on the gas and air dampers in one of the gas 
engines, taken in February 1909. It is to be noted that the gas never 
comes in contact with the air dampers, so that’the samples fairly 
represent the accumulation of dirt deposited by the combustion air. 

83 A comparison of the four analyses shows the surprising fact that 
the amount of iron in the dust sample taken from the air dampers is 
about twice as great as in the dust deposited on the gas dampers. If 
this is true—and there is no room for doubt, as the samples represent 
the accumulations of more than one year, the dampers never having 
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been cleaned—it follows that appreciable quantities of iron, sand and 
coke enter the engines with the combustion air. 


QUALITY OF FLUE DUST 


84 The chemical composition of the flue dust removed from the 
gas at various stages of the cleaning process was made the subject of 
analysis in March 1908. Samples were taken at the following points: 
dry deposit from the main water seal and collecting flue after dry 
dust catchers, suspended matter secured by evaporation of samples 
of the waste water from wet scrubbers No. 1 and No. 2 and the Thei- 
sen washers. The results of this test are shown in Table 8, Appendix 
4, all analyses giving metallic iron and manganese as Fe and Mn, 
while the constituents exist in the form of oxides. Fixed carbon is 
mostly coke, and the volatile is the CO, from limestone. This table 
shows that the relative amounts of silica, alumina, lime, ete., increase 
gradually, more and more of the heavy impurities such as Fe dropping 
out the further the cleaning process progresses. 

85 A similar test was made in March 1909, with the difference, 
however, that an attempt was made to determine the quality of the 
dust remaining in the gas while passing the various stages of gas 
cleaning. In this case the method of securing samples consisted in 
connecting Brady filters at the various points and turning the gas on 
simultaneously at all filters. Irrespective of the size of the gas sam- 
ple, the cartridges were not removed until sufficient quantities of dust 
had collected for quantitative and qualitative analyses. It was 
impossible to obtain a sufficiently large sample for analysis, on the 
Brady filter installed after the Theisen washers, for while the filter 
passed the gas very rapidly for a few hours, the flow gradually dimin- 
ished as the dust in the fine gas closed up the pores of the paper. 
After a 36-hour run the flow through the filter had stopped completely 
and the dust collected on the Soxhlet tube appeared as a dull gray 
coating, which could not be removed. The results of this experiment 
are given in Table 9, Appendix 4. 

86 The relative amount of SiO, carried in the gas is practically 
constant before any wet washing takes place, but the percentage 
increases in the clean gas, with decreasing relative contents of iron. 
The wet scrubbers remove the bulk of the iron dust, while the lighter 
impurities are carried over into the Theisen washers. A sample of 
the dust deposited in the gas pipe on one of the gas engines immedi- 
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ately before the gus enters the cylinders at the end of its travel, taken 
March 15, 1910, was analyzed as follows: 


SiO, Al,O Fe CaO MgO Mn Vol. 
36.20 7.53 7.18 12.50 0.90 0.49 34.32 
The high percentage of silica, lime and volatile matter, and the very 
low contents in iron, are noteworthy, and show that silicious dust, 
lime and coke are carried by the gas much farther than iron, which 
is removed to the greatest extent in the first stages of cleaning. 
87 Due to sulphur in the coke, blast furnace gas contains a cer- 
tain amount of this impurity in the form of HeS and SQ,. Its pres- 


Fig. 33 Corrosion OF, VALVE CASING BY SULPHUR IN GaAs 


ence was discovered after some length*of operation of the gas engines. 
It was found that several of the exhaust valve casings showed very 
pronounced corrosion, at a place indicated in Fig. 33 and it was con- 
cluded that some chemical action had taken place. Two tests made 
Feb. 2, 1909, showed the presence of 0.0416 and 0.0407 grains per cu. 
ft. of sulphurinthegas. It wasfurther discovered that the fine flue dust 
accumulating in thin layers in the gas passages to the engine cylin- 
ders, can be lighted and glows with a blue color, unmistakably giving 
out SO, vapors. The corrosion in the exhaust valve chambers was 
caused by water leaks from the original inner exhaust valve guides, 
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which cracked as indicated in the illustration. The water coming in 
contact with the hot exhaust gases formed H»SQ,, which impinging 
on the wall of the exhaust valve chamber, had the corrosive effect. 
The presence of sulphur in blast furnace gas for this reason prohibits 
the use of sheet-iron exhaust pipes and mufflers, while corrosion has 
never been observed when cast iron is used. It was attempted, some 
time ago, to utilize the waste heat from the exhaust of these engines 
to raise low-pressure steam for use in the heating system of the power 
house, in wrought-iron pipe coils arranged inside the cast iron muff- 
lers, and while the results were very satisfactory from the standpoint 
of heat transmission, this heating system was a failure on account of 
the rapid corrosion to which the heating coils in the mufflers were 
subjected. 

88 The amount of moisture remaining in clean gas, fine gas and 
air, as wellas the variation from day to day and from month to month, 
are shown in Figs. 25 and 29. 

89 While the Theisen gas washers receive the gas at practically 
water temperature, so that a condensation of water vapors by cooling 
is improbable, the amount of moisture in the engine gas is neverthe- 
less lower than in the clean gas, and this in spite of the exceedingly 
intimate contact between gas and washing water in the Theisen wash- 
ers. The indications are therefore that the Theisen washers remove 
not only dust, but moisture as well, probably by the action of centri- 
fugal force, which throws gas and water vapors against the circulat- 
ing water film on the inside of the stationary casing, thereby drying 
the gas mechanically. Furthermore a great deal of moisture is being 
deposited in the fine gas main and gas holder. The average moisture 
in the gas delivered to the engines was 3.39 grains for the first half, and 
7.85 grains for the second half of 1909, with a yearly average of 5.62 
grains per cu. ft. Comparing these figures with the corresponding 

values in clean gas and atmospheric air, it will be seen that the aver- 

age moisture in the engine gas for the year is 60 per cent higher than the 
average moisture in the atmosphere, which is considered very favor- 
able in view of the high moisture contents in raw gas and the large 
quantity of water which is brought into such intimate contact with 
the gas. 


90 The effect of the sun beating down on gas mains and gas holder 
is very noticeable in the summer months, accounting for the high 
moisture contents in July, August and September. Pipes and holder 
become quite hot and the finely divided mist in the gas is rapidly 
evaporated, as indicated by a drip installed near the venturi meter. 
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Drops or small streams of water are freely discharged in the winter 
months, while the dripping ceases as soon as the atmospheric tem- 
perature exceeds about 78 deg. fahr. The moisture carried with the 
gas into the engine cylinders has not given cause for trouble at any 
time. 


WATER AND POWER CONSUMPTION OF CLEANING PLANT 


91 Fig. 34 shows the average monthly consumption of water 
since July 1998 in gallons per thousand cubie feet of gas cleaned, as 


1993 1909 
120} 
| 


| GAL.| PER 100 FT. OF GAS 


| Theisen Washers | —— 


POWER USED FOR GAS CLEANING 


OF PLAN TF 


ric. 34 Water anp Power Consumption or Gas CLEANING PLAN1 


established from daily weir measurements. It is to be noted that the 
water consumption of the wet scrubbers is about four times as high 
as that of the Theisen washers, for the same quantity of gas cleaned. 
The latter varied from 26.1 gal. in February to 16.0 gal. in July, with 
an average of 21.8 gal. for the first and 17.0 gal. for the second half, 
and 19.4 gal. per 1000 cu. ft. of gas for the whole year. The corres- 
ponding figures for the wet scrubbers were a maximum of 103.2 gal. 
in April, and a minimum of 68.6 gal. in October, with an average of 
91.0 gal. for the first half, 74.6 gal. for the second half, and 82.8 gal. 
per 1000 cu. ft. for the year 1909. 
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and 29.92 Ins. Bar. 


Flow of Gas-Thousand Cubie Feet per Minute at 62 F 
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Der 


Flow of Blast Furnace Gas 


Through a 60 In. by 20 In, Venturi Meter 


Pressure Difterence-Inches of Water 


Meter READINGS 


Upstream Pressure, 29.5 In. Mercury Abs. 
ty at 62 F. and 29.92 In. 0.0767 Lb. per Cu. Ft 
Value of Constant R in PV=RT, 52.7 
Ratio of Specific Heats, 1.38 
Coefficient of Meter 0.91 
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VenturI Meter Curves SHOWING FLtow or Gas FOR DIFFERENT 


92 The high water consumption in the first part of the year is due 


to the smaller quantity of gas cleaned. 


About the same absolute 


quantity of water was maintained on the scrubbers. Generally speak- 
ing, the quantity of water used in the wet scrubbers could probably 
be reduced without impairing their efficiency, but it is preferred to 
use water in excess rather than to run the risk of clogging the sewers, 
especially since the question of economizing washing water is of no 
particular importance in a plant located on the lake front. 
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93 In regard to the amount of power required by the gas cleaning — 
plant, Fig. 34 shows the monthly average power consumption of wet ) 
scrubber pumps and Theisen washers, expressed in per cent of the 
output produced by the gas engines. About 90 per cent of the total 
power is being used by the Theisen washers, only 10 per cent being 


Fig. 36 CHART OF PRESSURE DIFFERENCES, 60-IN. VENTURI METER 


necessary to operate the wet scrubber pumps. The average power 

consuinption of the Theisen washers was 2.977 per cent of the total 

output of the station, and the respective values for the first and second 
| halves of 1909 were 3.00 per cent and 2.931 per cent, with a maximum 
of 3.44 per cent in February and a minimum of 2.649 per cent in 
December. 
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94 These figures are somewhat higher than are often claimed for 
similar washers abroad, but an average power consumption for the 
gas-cleaning plant, of from 3 per cent to 3.5 per cent of the total power 
output of the gas engines, should not be considered excessive in view 


Fic. 37. Exterior View or Test PIPING 


of the benefit which is being derived from this expenditure. It is 
worthy of note also that the engine builders who furnished the gas 
engines for the plant under discussion have never found fault with 
the physical condition of the gas, while more or less vigorous com- 
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plaints about “‘excessive dirt” in the gas are generally advanced as 
soon as trouble develops in the engines. The necessity of auxiliary 
machinery is furthermore not characteristic of gas engine installations 
alone, as boiler-feed pumps, hot-well pumps, dry-air pumps, forced- 
draft ventilators, mechanical stokers, cte., are indispensable for steam 
engine plants consuming probably as large a percentage of the power 
developed. 

95 It has been shown in the previous pages that the blast furnace 
gas was delivered to the gas engines in a highly satisfactory physical 
condition. The gratifying results of the thorough cleaning and refin- 
ing of the gas were, that no difficulties which might have been caused 
by insufficiently cleaned gas were ever experienced in the operation 
of the gas engines, and these engines never had to be stopped for the 
specific purpose of cleaning internally the gas valves and gas pas- 
sages. The amount of dust deposited on internal engine parts was 
invariably so sinall that it could be brushed off with the finger, 
and these engines could undoubtedly operate at full-load capacity 
a whole year and longer without cleaning the gas inlet passages and 
cylinders. 

96 Blast furnace gas delivered to the power house is charged to 
operation of the engines at a value based on the price of coal with the 
cost of cleaning and refining added to the value of the raw gas, which 
is established on the basis of equivalent heat values. In order to 
determine the charge made for purified blast furnace gas delivered 
to the gas power plant, a continuous record is being kept of the quan- 
tity of gas blowing to the gas holder, venturi meters being used as 
measuring instruments. Details of the methods are given in Appen- 
dix No. 5. Charts relating to meter measurements are shown in Figs. 
35 and 36 of the paper. 


THERMAL EFFICIENCY AND OUTPUT OF GAS ENGINES 


97 It seemed desirable in connection with the installation of six 
gas blowing-engines, furnished by three different manufacturers, to 
provide means for determining the thermal efficiency of each type of 
engines without interfering with the regular operation of the others. 
To this end a special venturi meter was installed and connected to a 
“test”? pipe, shown in Figs. 23a and 37. By opening the dise valve 
located inside the overhead gas receiver, which controls the flow of 
gas through the venturi meter into the large reservoir for equalizing 
pulsations caused by the intermittent suction strokes, and test pip- 
ing, and by turning one small spectacle valve while simultaneously 
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shutting off the direct gas supply from the overhead receiver by filling 
the water seal, any engine can be operated on measured gas while the 
others receive gas directly through the branch pipes. Such tests can 
be commenced at any convenient time, and prolonged and repeated 
at will. A Bristol differential pressure recorder installed in the blow- 
ing engine-room gives continuous records of each test, so that reliable 
averages can be obtained of the gas consumption under different oper- 
ating conditions. 

98 Fig. 38 shows the monthly averages of the kilowatt output of 
the power station, of the heat consumption in B.t.u. per kw-hr. and 
per b.h.p.-hr. based on a generator efficiency of 96.2 per cent at full 
load, and of the thermal efficiency. The diagram also shows the total 
operating time of each engine since starting. 

99 The thermal efficiency of the plant was very uniform from 
the middle of 1908 until about May 1909, averaging 23.22 per cent. 
The drop which began in May and reached a low value in October, 
was due to certain troubles encountered with gas cylinders and 
piston rings, etc. These could not be remedied at that time, as on 
account of the ever-increasing demand of electric power and the lack 
of a spare unit, it was impossible to shut the gas engines down suffi- 
ciently long for a thorough overhauling and for necessary repairs. 
Doubtless with an additional spare engine the load factor would have 
been lower than the average for 1909, which reached 72 per cent, but 
the thermal efficiency would have remained constant—or nearly so- 
since the necessary repairs, adjustments and changes could have been 
made on these engines in time, without reduction in the total kilo- 
watt output of the power plant. In spite of this reduced efficiency 
in the second half of 1909, the average figure obtained for the whole 
year,—not as the result of one or of several individual tests, but as 
the fair average of daily observations, proper corrections having been 
made for the inexact readings caused by dust in the venturi meter 
in September and October—was 20.8 per cent, with a maximum 
monthly average of 23.77 per cent in March, and a minimum of 17.8 
per cent in October. The highest daily average efficiency in 1909 was 
25.7 per cent on March 11. 

100 During the year 1909, the engines, while in operation, ran 
at nearly full-load capacity, the average for the four engines ranging 
from 93.60 to 99.63 per cent. 

101 The values of the total kilowatt output of the gas power plant 
for each month since regular operation was begun, are plotted in Fig. 
39, showing that the maximum output for any month occurred in 
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October 1908, when 5,000,000 kw-hr. was produced. The output of 
the gas power plant for the year 1909 was 50,494,100 kw-hr. against 
43,953,640 kw-hr. produced by the steam-driven generators. The 
load factor for 1909 of the gas power plant was 72 per cent, against 
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Fig. 39 Toran Oureur or Gas Power PLANtTs (MONTHLY AVERAGES 


47 per cent for the steam power stations, which have a rated capacity 


of 10,900 kw. The total output of electric power generated in L9O9 
was 94,447,740 kw-hr., 53.5 per cent of which was produced by the | 
gas power plant. 


APPENDIN 1 


MONTHLY RECORDS OF THE POWER PLANT (8000 KW 


PABLE | MONTHLY RECORD OF KILOWATTS PRODUCED PER HOUR 


Capacit in Blast 


January 1 

Februar 
March 
April 

May 


A ve 
Jul 14 
August 
septe ber 
(letole 
No 
Decem he 
Average f half 74 
Ave e for 1909 60 
PABLE 2 MONTHLY RECORD OF OPERATING TIMI 
) 
Mor H Per ¢ H Per ¢ H | Cent 
January 424 57 21 05 
February 456 85 12 131 19.5 
March 529 71 7 1 118 16.0 
April 467 65 l 83 11.5 
May 609 73 6? 8 5 
June 556 77 a7 | 67 95 
Average for first half 507 7 l 17.0 4 13.0 
July 607 82 103 14.0 6 4.0 
August 54 80 131 17.5 19 2.5 
September 995 83 107 14.5 18 2.5 
October GBR an 59 70 


0 
November ; 632 SS 5 90 23 3.0 
0 


December ; 609 82 52 7.0 11 
Average for second half 617 s4 S5 11.4 a4 4.6 
Average for 1909 562 i 14 142 gs 
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TABLE 3 MONTHLY RECORD OF LOSSES DUE TO OUTSIDE CAUSES 
Plant down 
Month > 
008 Due to operation Due to lack of gas 
Hrs. Per Cent Hrs. Per Cent 
January......... A 6 5.5 99 94.5 
36 30.0 82 70.0 
May 61 98.5 1 1.5 
June 59 88.0 8 12.0 
Average for first half. site 37 39.5 57 60.5 
July rere 36 100.0 
August 19 100.0 
September. . 15 83.5 3 16.5 
October...... 24 100 0 
November 23 100.0 
December.... 78 94.0 5 6.0 
Average for second half.. 3) 97.0 l 3.0 
Average for 1909 aan 35 55.0 29 45.0 


APPENDIX NO, 2 


DATA UPON GAS PRODUCED IN THE BLAST FURNACES 
Metuops or CALCULATION OF QUANTITY OF GAs PRODUCED 


The ‘nitrogen method”’ assumes that the nitrogen in the air, amounting to 
79.3 per cent by volume, passes through the blast furnace unchanged, so that 
the same quantity must be found in the exit gas of the furnaces. Since the 
average gas composition is known, the percentage of nitrogen can be deter- 
mined by difference. The amount of air blown is based upon the revolutions of 
the blowing engines corrected for volumetric efficiency of the blowing tubs and 
for 5 per cent assumed loss of air between tubs and tuyeres. Thus, for instance, 
in August 1909 blast furnace No. 6 produced on natural blast a daily average of 
196.5 tons of Bessemer iron, using 37.5 per cent Pocahontas and 26.5 per cent 
Connellsviile coke with an average coke consumption of 2148 lb. per ton of 


iron. The average gas analysis for the same month was as follows: 


CO, CoO H CH, N (by difference) 
14.23 25.28 4.65 0.23 55.61 
B.t.u. per cu. ft. at 62 deg. fahr. = 96.8 


B.t.u. per cu. ft. including sensible heat at 500 deg. = 105.3 
Temperature of air at blowing engines = 94 deg. fahr. 
Cu. ft. of air blown per minute = 40,990 
Cu. ft. of air blown per minute at 62 deg. fahr. = 38,610 
Average blast pressure = 15.1 lb. 
Cu. ft. of air to furnace per minute including 5 per cent loss at 62 deg. 
fahr. = 36,690 
Volume of gas per volume of air at 62 deg. N unchanged = 1,426 
Cu. ft. of gas per minute N method = 52,300 
According to this calculation No. 6 furnace produced about 153,000 cu. ft. 
of gas per ton of pig iron made in 24 hours. 
9 


The nitrogen method, however, is subject to serious errors frem the pres- 
ence of moisture and foreign gases in the air as blown, and from air leakage and 


inefficiency of tubs. The ‘‘carbon method,’ which is considered more reliable, 


assumes that the carbon entering the furnace in the form of coke, must reappear 
in the form of gas, the amount of carbon in the limestone being equal approxi- 
mately to that in the iron and slag. If A = per cent of carbon in the coke as 
charged, B = pounds of carbonin1 cu. ft. of blast furnace gas, the amount of gas 
tons of iron per day coke rate A 
1440 B x og 
Calculating the amount of gas according to this method, furnace No. 6 liber- 
ated 51,310 cu. ft. of gas per min., or 149,000 cu. ft. per ton of product in 24 hours. 
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TABLE 1 


BLAST FURNACE GAS POWER PLANT 
DISTRIBUTION OF GAS FROM BLAST FURNACE NO. 6 


Auacust 1909 


Million B.t.u Per Cent 

Total gas generated 324.1 100 

Stoves and leakage 130.0 40 

Blowing engines 92.1 28.4 
Used at furnace 9.0 2.8 
Auxiliaries 46 is 
Total used for blast furnace operation 235.7 72.6 
B.t.u. surplus for furnace 8S 4 27.4 


B.h.p. equivalent of surplus 1470 


3 The results of nitrogen and carbon methods, do not, however, always 
agree as closely as in this instance. The average coke analysis for the month 
of August, from which the amount of carbon charged into the furnace was 
determined, was as follows: 


Per cent moisture Per cent fixed carbon (dry) 
Pocahontas 2.64 90.10 
Connellsville 1.94 87.38 


4 For the distribution of gas it 
stoves and is lost by leakage. 


is assumed that 40 per cent goes to the 
The amount of gas used for the blowing engines 
is calculated from the boiler horse power, the latter being determined by the 
quantity and pressure of air blown, the steam rates of engines and the evapo- 


ration per boiler horsepower. The B.t.u. equivalent of boiler horsepower for 


33,320 


‘ boiler h. p. X 
steam distribution in the current month is equal to er 
boiler efficiency 
and the latter is arbitrarily assumed to be 55 per cent. It is further assumed 
that 150 boiler h.p. is used in steam at each blast furnace and that all auxilia- 
The difference is 
the surplus gas per furnace available for other departments, which is stated 
in the equivalent of boiler horsepower. Using the former example for an illus- 
tration, the total amount of B.t.u. in the gas produced per hour by furnace 
No. 6 was in August 1909, according to the carbon method, 324.1 million. 
The distribution was as abovein Table 1. 


ries use 5 per cent of the steam going to the blowing engines. 


5 The surplus gas was used for operating gas engines in the gas electric sta- 
tion and for raising steam for steam electric power. In this way a B.t.u. bal- 
ance can be made for all furnaces in each month, as the total kilowatt hours pro- 
duced in the electric stations and the amount of coal which had to be fired 
under the boilers are known. 
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TABLES RELATIVE TO BLAST FURNACE GAS 
TABLE 2 GAS PRESSURES 


MonTHLY AVERAGES, INCHES OF WATER 


Jan.-June 
1909 Jan Feb. March April May June sania 
Average 


Entering gas 


cleaning plant 5.0 57 7.3 7.6 . 4 7.6 67 
After Theisen 
washers 8.0 0 10.1 4 9 7 98 9° 


Barometer, inches 


of mereury 29.44 29.24 29.21 20 36 29.31 29 40 24 


July Sept Oct Nov Dee. July-Dec Jan.-Dec 


Entering gas clean 


ing plant 9.1 10.0 2.0 13.4 14.6 12.2 11.9 9.29 
After Theisen 

washers ll¥ 15.0 13.9 16.5 iy 14.8 149 12.10 
Snrometer, inches 

of mercury 29.34 29.37 29.44 29.45 29 42 29.41 145 37 


PABLE 3 COMPOSITION OF GAS FROM INDIVIDUAL FURNACES 


AVERAGES 


Blast Furnace No CO H B.t.u Product 
CU 
4.36 3.71 4] 7.75 120.4 Ferro-Silicon 
2 13.47 26.3 445 1.95 96.7 Basic 
14.48 23.97 $45 1 O14 Basic 
4 ] 24.00 4.0 1.79 “41 Basie 
14.17 25.61 3.85 1 SI 05.5 Jessemer 
13.65 25.32 1.26 185 95.7 Bessemer 


PABLE 4 COMPOSITION OF MIXTURES OF GAS FROM VARIOUS FURNACES 


AVERAGES 


Blast Furnace No i B.t.u Product 
l and 2 8.92 30.02 3.92 4.85 108.5 

1,2and3 10.60 28.01 109 2.65 102.8 

2,3 and 4 14.12 25.10 4.32 1.50 94.1 Basic 

1,2,3 and 4 11 68 27 .25 2.33 100.6 

2and 3 14.23 25.15 4.43 1.81 04.0 Sasi 

1, 2,3, 4,5 and 6 12.25 26 66 4.08 2.23 98.9 
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TABLE 5 AVERAGE COMPOSITION OF BLAST FURNACE 


BLAST 


FURNACE 


GAS 


POWER PLANT 


At 62 Dea. Faur. anp 30 INcHES MERCURY 


Computed B.t.u.... 
co 

Ratio 


Heat value per cu. ft. by 
Calorimeter B.t.u 


COs 

CO 

H 

CHa 

Computed B.t.u 
CoO 

Ratio co, 


Heat value per cu. ft. by Calori- 


meter B.t.u 


Jan. 


13.26 
25.61 


2.99 


0.21 
93.04 


1.93 


14.10 
25.90 
3 86 
0.17 


1.83 


Mar. 


11.53 
28.10 


2.92 
0.24 
100.50 
2.43 


101.00 


10.03 
29 
3.77 
0.19 


108.70 


9 O8 


107.40 


Apr. 


98 0S 


Oct. 


103.10 


May 


13.10 
26.56 


3.74 
0.22 
97.70 
2.02 


98 .32 


Nov 


92.90 


GAS 


Avg. 


Jan.- 


June 


12.82 

26.49 
3.44 
0.215 


2.07 


97.49 


990 
25.50 26.67 26.50 
3.95 3.16 3.89 
; 0.23 0.21 0.18 
95.70 98.81 98.20 97.32 
Avg. Avg 
July Aug Sept. | Dec. July- Jan.- 
Dec. Dec 
12.50 11.96 13.88 13.75 12.53 12.67 
27.30 26.02 24.70 25.85 26.54 26.51 
. 4.06 3.45 3.59 3.98 3.78 3.57 
“+ 0.18 0.21 0.19 0.15 0.18 0.196 
95.70 101.40 HE 102.90 86.70 95.80 98.40 97.90 
2.18 2.17 1.78 1.88 2.12 2.09 
95.50 101.60 60 99.20 98.30 


APPENDIX NO. 3 


DESCRIPTION OF METHODS AND INSTRUMENTS USED IN 
OBTAINING DATA UPON THE PERFORMANCE OF THE GAS 
CLEANING PLANT 


Temperatures. The temperature of the gas entering the cleaning plant is 
measured and automatically recorded by a Bristol pyrometer. Readings of 
the gas temperature are taken by the operators every three hours, after the 
dry cleaning plant, after the wet scrubbers, and before and after the Theisen 
washers, the last temperature being also recorded by a Bristol recording ther- 
mometer. Temperature readings are further taken at the inlet and outlet of 
each gas holder. All thermometers have the Fahrenheit scale and are perma- 
nently installed in the pipelines. The water temperatures are read every three 
hours at the pump suction, after each wet scrubber and after the Theisen 
washers. For the purpose of comparison the temperature of the atmosphere 
near the washer building is simultaneously recorded. Portable thermometers 
with the Fahrenheit scale are used for measuring water temperatures. 

2 Pressures. Readings are taken by the operators every three hours, by 
means of ordinary U-tubes, of the gas pressure in inches of water at the follow- 
ing places: at the point where the gas enters the cleaning plant, between the 
wet scrubbers, and before and after the Theisen washers. In addition, the pres- 
sure of the raw gas at the main water seal, and of the fine gas after the Theisen 
washers, is continuously recorded by Bristol pressure gages. For convenience 
of observation all instruments indicating and recording gas and water pres- 
sures, temperatures and venturi meter pressure differences, are arranged on a 
gage board (Fig. 1)installed in the Theisen washer building. On the same gage- 
board the telephone gongs and the optical indicators showing the position of 
the two gas-holder bells are mounted. By a simple system of contacts each 
gas-holder bell, while descending, closes five different electric circuits, and 
causes incandescent lights to burn corresponding to its different positions. 
Thus a white light burns when the holder is in its top position; a green light 
appears when the holder bell has descended 7 ft. ; one red light, indicating danger, 
corresponds to a 14-ft. immersion of the holder bell, and two, and at last three, 
red lamps show that the bell has fallen 21 ft. and 28 ft. respectively, and is 
nearing its bottom position. When the three red lights burn the gas holder is 
practically empty. Similar optical indicators are installed in the electric 
power and gas blowing-engine houses, so that the engine operators can inde- 
pendently observe the position of the gas holders at any time. 


3 Power Consumption. As all Theisen washer and pump motors are operated 


by 440-volts alternating current reduced in special transfomers from 2200 volt, 
25 cycle, 3 phase current generated in the electric station, an integrating kilo- 
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watt meter was installed at the main switchboard to measure the combined 
power consumed by all gas cleaning plant motors. Unfortunately, the motor- 
driven air compressors for starting the gas engines are on the same line, so that 
the power for two 50-h.p. motors is included in the meter readings; but since 
each air compressor is running only about one hour each day, the error is be- 
lieved to be of little weight. However, it must be kept in mind that on this 
account the recorded power consumption of pumps and Theisen washers is 
higher than the actual values. A portable ampere meter for use in the Theisen 
washer building can easily be attached to each motor and read by the operator 
every three hours, and the readings are recorded in the daily report sheets. 
These ampere meter readings give the only indication of the load carried by 
each Theisen washer. As all washers operate in parallel, one machine, by a 
slight misadjustment of the inlet and outlet gate valves, may handle 
more gas, thus carrying more load, and cleaning its share of the gas to a less 
extent than the other washers. The ampere meter will indicate such an 
inequality in the load distribution, and the operators have orders to keep the 
ampere readings on all washers in operation fairly uniform, by proper adjust- 
ment of the gate valves. The indications of the ampere meter, averaged for 
each month, are used to divide the power charges in proper proportion between 
the pumps in the preliminary washing plant and the Theisen washers. 

4 Water Consumption. The amount of water consumed each minute in 
the gas-washing plant is measured by overflow weirs at the settling tank. A 
hook gage gives directly the number of gallons of water per minute falling over 
the weir so that the operator reads the water quantity as easily as a thermome- 
ter. The settling tank has two compartments, so that the water from the wet 
scrubbers can be turned into one, while the Theisen waste water is flowing into 
the other compartment. Gates make it possible to reverse these flows and to 
shut off each settling tank for cleaning. The amount of water allowed at each 
wet scrubber and Theisen washer, originally apportioned by means of cali- 
brated barrels, is adjusted in practice by estimating the relative quantity 
basing the estimate on the thickness of the stream at each Theisen water inlet 
and at the wet scrubber overflow. The water used for gas-washing purposes is 
waste cooling water from the blast furnaces, formerly discharged into the sewer 
but now collected and piped to the Theisen washers under its natural head, 
while another part is lifted on top of the wet scrubbers by two centrifugal 
pumps of 2,000,000-gal. capacity each. These pumps receive the water under 
30 ft. head and deliver it at a pressure of 80 ft. for distribution through the 
sprinkler system. 

5 Dust and Moisture. Gas engine builders usually specify the amounts of 
dust and moisture which should not be exceeded for safe operation. Recent 
specifications call for blast furnace gas containing not more than 0.02 grains of 
flue dust and not over 10 grains of moisture per cu. ft., at 62 deg. fahr. and 30 in. 
mercury. With an efficient, modern gas-cleaning plant it is not difficult to meet 
these conditions, as is shown in the paper. Dust and moisture determinations 
are made in the gas laboratory, and recorded on daily chemical report blanks 
(Fig. 6 in the body of the paper). The amount of dust is determined in dry 
cleaned gas,’clean gas and fine gas, and occasionally in the atmosphere, while 
moisture determinations are ‘made in clean and in fine gas. For purposes of 
comparison the moisture in the atmosphere, as determined at the dry-blast 
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plant, is also recorded. Results are given in grains per cubic foot of 
standard gas, and by a simple calculation the efficiency of the wet scrubbers 
and of the secondary washing plant can be determined each day. 

6 While frequently tried, it has been found impossible to make dust deter- 
minations in raw gas, which give more than a general idea of the efficiency of the 
dry cleaning plant. The difficulty is that the raw gas frequently carries larger 
particles of dirt, which obstruct the sample pipe and clog the dust filter before 
a gas sample of sufficient size for correct determination can be secured. 

7 Aseries of tests extending over eight days was made in August 1908, with 
the regular dust filter apparatus then in use, but since no results were obtain- 
able, a long glass tube open at both ends and filled with dry calcium chloride 
was then weighed and attached to the gas main in place of the dust filter. After 
passing several cubic feet of gas, the glass tube was taken off, closed at both 
ends and weighed, the difference in weight giving the total amount of dust and 
moisture. The amount of dust was determined by drying and weighing again 
as the difference between the second and third weighings. This apparatus 
was found to be a little more satisfactory, as larger samples could be taken, 
but gradual filling of the pipe with dust made the accuracy of the results very 
doubtful. The size of the gas sample secured never exceeded 6 cu. ft., with an 
average of about 2 cu. ft. 

8 Tests made in August 1907 gave similarly unreliable results, as the amount 
of dust in raw gas, according to these determinations, varied from 0.18 grains 
per cu.ft.at 2 p.m.,August 7,to 563.19 grains per cu. ft.at 4.30 p.m. August 29. 
Such extreme variations are improbable, and as the results obtained cannot 
represent a fair average, raw gas dust tests were discontinued as of ques- 
tionable value. 

9 The method and the instrument used for the determination of dust in 
clean and fine gas were developed by Messrs. Wm. Brady and L. A. Touzalin. 
The Brady filter (Fig. 2) consists essentially of a brass cylinder provided with 
inlet and outlet and supporting the filter itself, which is an ordinary 94 x 33 mm. 
Soxhlet extraction shell. The brass cylinder is of such diameter that an annular 
space of about 75 in. is formed between its inner surface and the paper filter. 
The filtering shell is fastened and held tightly in place without the aid of 
gaskets, by wedging its open end between the tapering cylindrical faces of the 
brass shell and the brass nozzle, as shown in the illustration. This method of 
fastening has the additional advantage that for a distance of about one-half 
an inch from the edge, the Soxhlet shell is protected from dust deposits so that 
the filter can safely be handled after the experiment. The brass nozzle forming 
the inlet of the apparatus is provided with inside threads so that it can be 
screwed to a sampling pipe. Its inside surface is perfectly smooth, without 
ledges or places for the accumulation of dust. A brass nut holds the three 
parts of the instrument in place. The apparatus may be used in any position, 
but the preferred arrangement is horizontal. 

10 When the gas to be filtered contains moisture the filtering device must 
be heated to about 110 deg. cent. by any suitable means, but preferably by 
surrounding the brass shell with an electrically heated sleeve as shown in 
Fig. 3, which represents the sampling pipe, Brady filter, moisture tubes and 
gas meter assembled ready for use. The nipple on the outlet end of the brass 
cylinder is threaded so that it can be removed and replaced by aluminum 
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tubes filled with a dehydrating agent such as calcium chlorid, in case it is 
desired to determine the moisture in the gas. 

11 The Brady dust filter was chosen for use as standard instrument on 
account of its advantages over other methods. It is very simple, easily assem- 
bled and taken apart, perfectly tight, and it fulfills the requirement that the 
gas issuing from the sample pipe should pass over very little surface before 
being filtered. The principal advantage, however, is the use of a strong cylin- 
drical filter which resists the gas pressure much better than the thin sheet of 
filter paper used in other instruments. The Soxhlet shell maintains a porous 
condition even though much fine dust has been deposited owing to the forma- 
tion of concentric layers of dust and their subsequent cracking by the action of 
gravity and slight jarring. Gas samples of twice the size permissible in other 
instruments can be passed through the Brady filter. Fig. 4 shows five Brady 
filter shells after use for determination of dust at the main water seal, before 
and after the wet scrubbers, after the Theisen washers, and after the power 
station gas holder. The feature of keeping the filter porous for large samples 
is noticeable, particularly in the shell on the extreme left. 

12 Whenever determinations of dust and moisture, or both, are desired, the 
instrument must be placed as close as possible to the pipe where the sample is 
to be taken. The sampling pipe used, shown in Fig. 3, consists of a }-in. brass 
pipe curved with a radius of not less than 6 in. and smoothly polished on the 
inside. It is inserted,in the gas flue, if possible on a horizontal diameter at 
least 15 ft. away from any bend or obstruction, to a distance of one-fourth to 
one-third of the diameter. The inlet opening is reduced to a sharp edge, so that 
there is as little local disturbance at that point as possible. The question of the 
proper form of sampling pipe was decided in favor of the curved pipe, against 
the straight pipe with standard 4-in. insertion in the gas main. Experiments 
were made at various times to determine the amount of flue dust, by simul- 
taneously using both forms of sampling pipe inserted at practically the same 
place in the gas flues. 

13. A comparison of the results of these tests shows plainly the difference in 
the effect of straight and curved sampling pipes on the size of the gas sample, 
which generally speaking is larger with the curved pipe. This advantage is, 
however, of secondary importance, compared with the material increase in the 
dust contents recorded by sampling the gas with curved pipes. This increase 
is particularly noticeable in testing dry cleaned gas, and shows that the heavier 
particles of dust cannot easily be induced to change their direction of travei 
to enter the straight sample pipe at right angles, but pass by the opening, 
which is parallel with the gasstream. The difference in results averages nearly 
100 per cent in favor of the curved sampling pipe. 

14 In the clean gas tests this difference is considerably less marked and the 
average size of the gas sample obtained is even smaller, while the amount of 
dust recorded when using the curved sampling pipe is only 8} per cent larger, 
because the dust remaining in clean gas is of much finer quality and of less 
specific gravity, so that the particles will much more easily change their diree- 
tion of travel. No difference st all, however, can be observed when dealing 
with fine gas. The averages of two series of tests coincide exactly, and only 
slight deviations are noticeable in the individual readings. The average size 
of the gas sample taken with the curved pipe is 14 per cent larger then the sample 
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obtained with the straight sampling pipe. This experience is valuable as it 
shows that dust determinations in fine gas are very much less influenced by 
variations in the method of sampling, which further suggests that results will 
not be materially affected by variations in the instruments and methods used 
for dust determinations in fine gas. 

15 As the original gas pressure is usually—in fine gas always— sufficient to 
cause the gas to flow through the filter, an aspiration of the sample is unneces- 
sary. The determination is made as follows: The Soxhlet shell is first dried and 
weighed in a glass weighing bottle, then inserted into the brass shell of the 
apparatus, and the parts tightly connected. A meter reading is taken after the 
instrument is connected tothe sample pipe and the gas is turned on. The dust 
contained in the gas sumple is deposited in the Soxhlet shell, while the moisture 
is driven over into the aluminum tubes containing anhydrous ecaleium chlorid, 
and connected in series The V ure ‘capped and weighed before the eX] eriment 
and theirincrease in weight represents the moisture inthe volume of gas passed 


through the apparatus, while the increase in weight of the shell after drying gives 


the amount of dust carried in the gas sample lor dust determinations fron 
30 to over 200 cu.ft. of gas are passed, depending on conditions of pressure 


and locality, while for moisture determinations only from one to five cu.ft 
are used. Usually one or several! moisture tests may be ma le while one dust 
test is being run, simply turning off the gas for a moment when the aluminum 
tubes are inserted and again when they are withdrawn. Readings of the meter 
and of the gas conditions such as temperature and pressure must of course he 
made at the beginning and end of each test All results of dust and moisture 
tests are calculated to grains per cubie feet of standard gas 

lé The application of two Brady filters permits continuous determination 
a feature of great importance in gas powe r plants since it permits uninterrupted 
surveillance of the gas cleaning plant and of its efficiency. Continuous dust 
determinations are being made every day except Sunday, by sampling dry 
cleaned gas, clean gas and engine gas. A Brady filter is started at each place 
at 8.30 a.m., and the gas is allowed to pass until 4.30 p.m., when the Soxhlet 
shell is removed and a new one inserted, which is in continuous use from 5.00 
p.m. until 8.00 a.m. the following morning The average size of sample for 
day and night runs respectively, is from 60 to 90 eu-ft. of dry ele aned gas, 
SO to 160 cu.ft. of clean gas, and 120 to 200 cu.ft. of engine gas. It is evident 
that such large accumulative samples must very nearly re present a true aver- 
ige of the amount of dust contained in the gas. Occasional dust and moisture 
determinations usually practiced in the major ty of plants are ot compara- 
tively little value, as they do not give the true average conditions of the gas. 
Comparisons of results obtained at different gas-cleaning plants eannot and 
should not be made and credited, unless all instruments. methods, size of sam- 
ples, duration of tests, ete., are identically the same. Standardization of the 
method of determining dust and moisture in industrial gases would benefit 
the gas engine industry at large, and the method used at this plant, which has 
been thoroughly and continuously tried under all conditions, is worthy of con- 


sideration as a basis for stundardization 
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APPENDIX NO. 4 


RESULTS IN DETAIL OF OPERATION OF GAS-CLEANING PLANT 


TABLE 1 HEAT LOSS OF GAS BY RADIATION 


MonTHLY AVERAGES 


1908 July Aug. Sept. Oct Nov Dec Average 
Gas cleaned, cu. ft. per min. 14,020 2,850 16,950 18,070 17,690 13,090 15,420 
Temperature of gas at main 
water seal, deg. fahr 426 410 303 312 299 329) 46 
Temperature of gas to serub- 
ber No. 1, deg. fahr 210 1 202 168 150 135 177 
Difference: 
Loss by radiation, deg 
fahr 216 214 101 144 140 
Reduction in per cent 50.7 59 9 33 3 16 1 10 8 59 5 18 8 


TABLE 2 WET SCRUBBER EFFICIENCY 


MONTHLY AVERAGES 


Avg 
1909 Jan Feb March April May June Jan 
June 
Flue dust in dry cleaned gas, gr. 
per cu. ft 0.4772 0.4787 1.2951 1.0335 1.1172 1.0804 0.9137 
Flue dust in clean gas, gr.per cu.ft 0.0766 0.1224 0.2238 0.2178 0.2146 0.2389 06.1825 
Difference 0.4006 0.3563 1.0713 0.8157 0.9026 O 8415 0 7312 
Per cent removed by wet scrubbers 84. 0 74.5 89 8 79.0 g0 8 77.8 79 7 
Avg Ave 
July Aug Sept Oct Nov Dor July Jan 
Der Dec 
Flue dust in dry cleaned gas, gr. 
per cu. ft 0.7990 1.6124 40940 2.8794 2.4004 1.11SS 2.1506) 1.533 


Flue dust in clean gas, gr. per cu. 

{t 0.1316 0.3669 0.8257 O.9882 0.2539 0.1786 0 4541 O 3183 
Difference 0.6674 1.2455 3.2683 1.8912 2.1465 0.9402 1.6965 1.2147 
Per cent removed by wet scrub- 

bers 83.5 77.4 79.9 65 89 6 S42 78.8 79 3 


BUAST 


TABLE 3 


1909 


lem perature of gas to wet scrubber 
No. 1, deg. fahr 

Temperature of gas to Theisen 
washers, deg. fahr 

Temperature of gas to gas holder, 
deg. fahr 

lem perature of water supply, deg 
fahr 

Waste, wet scrubber No. 1, deg 
fahr 

Waste, wet scrubber No. 2, deg 


lemperature of air, deg. fal 


Temperature of gas to wet scrub- 
ber No. 1, deg. 
Temperature of gas to Theisen 


washers, deg. fahr 


Temperature of gas to gas holder, 


deg. fahr eve 

Temperature of water supply, deg 
fahr 

Waste, wet scrubber, No. 1, deg. 
fahr 

Waste, wet scrubber, No. 2, deg 


lem perature of air, deg. 


4. EFFIC 


1909 


Flue dust in clean gas, gr. per cu 
it ‘ 

Flue dust in fine gas, gr. per cu. ft 

Difference 


Per cent removed by refining 


FURNACE GAS POWER 


PLANT 


GAS AND WATER TEMPERATURES 


MONTHLY 


123.20 126.00 
41.40 44.00 
40.10 43.00 
435.50 45.00 
59.20 63.00 


43.30 44.00 
27.90 31.00 


July Aug 


169.20 173.60 


76.50 79.10 


79.10 


74.70 78 60 
8&9 OD 06 70 
76.70 81.50 
83.40 85.20 
IENCY OF 


MONTHLY 


Jan Feb 


0 0766 0.1224 
0 0036 0 0057 
0 0730 0.1167 


95 4 95.4 


AVERAGES 


March April 


161.00 152.00 


50 


o 


490 


44.10 52.5 


44.20 52.30 


62.50 67.20 


Sept et 


150. 60 159.50 


72.70 61.80 


2.30 61.00 


72.80 63.70 


95 50 94 70 


724.10 4.90 


74 60 60.80 


SCONDARY W 


AVERAGES 


Marc! April 


0.2238 0.2178 


0.0044 0.0059 


0.2194 0.2119 


May 


Nov. 


119 30 


61.10 


64.50 


65.40 


os SU 


ASHING 


May 


0.2146 
0 0067 


0.2079 


Avg 
June Jan - 
June 
172.00 149.60 
74 20 54.70 
69 70 52.30 
71.70 53.30 
84 S80 68 90 
72.90 
65.10 44.10 
Avg 
De« July- 
Dec 
86.70 143 .30 
52 80 67.40 
42.00 54.40 
46 20 66.70 
SS 30 SO 
52.70 67.70 
1.20 65.60 
PLANT 
Avg 
June Jan.- 
June 
0 2389 1825 
0.0067 0 0055 
0.2322 0.1770 
97.3 97.0 


1001 


56.60 
60 00 
80 SO 


61.70 
54.90 
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TABLE 4—ContTINUED. 


Avg. 
July Aug. Sept. Oct Nov. Dec July- 
Dec. 
Flue dust in clean gas, gr. per cu. 

eee 0.1316 0.3669 0.8257 9.9882 0.2539 0.1786 0.4541 
Flue dust in fine gas, gr. percu. ft. 0.0057 0.0058 0.0080 0.0074 0.0069 0.0093 0.0061 
Difference. .... 0.1259 0.3611 O.8177 0.9808 0.2470 0.1693 0.4480 

Per cent removed by refining 95.6 98.5 99.0 99.1 97.5 95.0 98.7 


Avg. 
Jan.- 
Dec 


0.3183 

0.0058 

0.3125 
98.1 


TABLE 5 DETERMINATION OF FLUE DUST AT DIFFERENT POINTS OF 


SECONDARY CLEANING PLANT 


GRAINS PER CuBic Foor 


After wet oven After After gas 
1910 Turn Thetsen Theisen 
scrubbers holder 
washers washers 
March 21 night 0.1496 0.1091 0.0024 0.0024 
March 22.. day 0.1681 0.1468 0.0066 0.0051 
March 22 night 0.1647 0.1292 0.0045 0.0042 
March 23 day 0.1773 0.1563 0.0091 0.0094 
March 23 night 0.1185 0.1145 0.0062 0.0065 
March 24 day 0.1566 0.1489 0.0058 0.0058 
March 24... night 0.1456 0.1371 0.0066 0.0064 
March 25... day 0.1568 0.0983 0.0067 0.0061 
March 25.. night 0.1474 0.1258 0.0064 0.0057 
March 26....... day 0.1425 0.1078 0.0037 0.0029 
Average... 0.1527 0.1274 0.0058 0.00545 

Average amount removed 

By clean gas main 0.0253 grains per cu. ft. 

By Theisen washers ; . 0.1216 grains per cu. ft 

By fine gas main and gas holder . 0.00035 grains per cu. ft. 
Average absolute efficiency of 

Clean gas main. 16.56 per cent. 

Theisen washers.......... ...95.45 per cent. 

Fine gas main and holder 6.03 per cent 
The average total efficiency of the secondary cleaning plant was 96.43 per cent, in which the 

three above factors participated as follows: 

Clean gas main.... 16.56 per cent. 

Theisen washers. . j ..79.64 per cent. 

Fine gas main and gas holder...... et res ..... 0.23 per cent. 


Total .. 96.43 pe 


cent. 
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TABLE 6 DUST IN COMBUSTION AIR 


DAY TURN NIGHT TURN 
Temp 
DATE Winn OF ane Dirt We Baro- No. ct GRAMS 
srr BARO- FT.SAM- Grams EATHER & weren?T-SAM- 
METER PLE cu. 2 
ia Fr. 
FAHR 
7-12-09 W. 78 =29.21 74.13 0.0052 Part Cloudy 70 «6.29.31 81.88 0.0043 
7-13-09 W 6 29°19 95.57 0.0032 Part Cloudy 71 29 26 57.59 0 0037 
7-14-09 S.W. 80 29.27 124.51 0.0013 Wind blowing 73 «629.28 102.84 0.0052 
hard 
7-15-09 Ww. 84 29.28 126.41 0.0048 Part cloudy 76 29.28 129.11 0.0036 
7-16-09 N.W. 80 29.34 88.69 0.0004 Wind hard 86 2940 95.46 0.0005 
7-17-09 N.W. 84 29.39 145.82 0.0004 Clear 
Average 109.19 0.00255 93.37 0.00346 


TABLE 7 ANALYSES OF DUST DEPOSIT ON GAS AND AIR DAMPERS OF GAS 
ENGINE NO. 1 


Gas Damper Air Damper 
Sample February 1909 

1 2 3 4 
Silica 19.60% 22.50% 32.40% 23.80% 
Alumina 12.07 20.19 6.50 11.30 
Iron 6.95 6.37 11.12 12.03 
Manganese 2.52 2.62 1.04 1.15 
Lime 32.74 23.00 5 84 5.37 
Magnesia 3.43 3.38 0.92 0.95 
Volatile 17.89 17.38 37.84 39.85 


PABLE §& ANALYSES OF FLUE DUST REMOVED FROM BLAST FURNACE GAS AT 
DIFFERENT STAGES OF GAS CLEANING 


March 1908 SiOz: AloOs Fe CaO MgO Fix C. Sul. Phos.Mang. Vo. 
From main water seal (deposit)... 10.30 4.60 48.85 2.46 0.30 15.52 .... 0.067 0.53 
From collecting main after dry 
cleaning plant (deposit)...... 11.44 4.45 42.86 15 0.68 10.28 0.202 0.079 0.80 7.28 


From No.1, wet scrubber (sediment) 14.58 5.45 43.09 
From No. 2,wet scrubber(sediment) 18.26 5.85 38.20 


75 0.78 9.17 0.288 0.0985 0.60 4.17 
1.40 8.54 0.192 0.097 0.47 5.08 
60 1.61 11.47 0.314 0.119 1.08 6.73 


From Theisen washers (sediment). 22.93 7.94 26.06 


~ 
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TABLE 9 ANALYSIS OF FLUE DUST REMAININGIN BLAST FURNACE GAS AT 
DIFFERENT STAGES OF GAS CLEANING 


Marcu 1909 


Location of Brady filters SiOe AhOs FeOs; CaO Mn Vol 
At main water seal 12.19%, 5.938%| 52.39% 4.70% 0.97% 1.16% 22.32% 
Gas entering wet scrubber No. 1 11.37 5.21 §2.55 3.76 0.86 0.83 25.18 
In clean gas main 21.14 11.53 298.35 9.56 1.94 2 46 24.31 


TESTS ON WET SCRUBBERS 
1 Tests were made on October 27, 1908, to determine the cooling and con- 
densing effect of the wet scrubbers. The temperature of the water and gas 
entering and leaving the washers were taken with accurate thermometers. 


TABLE 10 WET SCRUBBER TEST 


TEMPERATURES QUANTITIES 
WATER Gas Gas WATER 
TIME 
ScRUBBERS ScRUBBERS GAL. PER MIN 
cl FT 
PEK MIN 
INLET OUTLET OuTLeT Outi INLET OvTLeT OUTLET 
land2 1 2 land2 1 2 uO. Luo. 
10.50 63.0 80.0 64.0 73.0 157.0 62.8 60.0 17,000 1,380 
11.00 52.8 77.5 63.0 71.5 156.0 62.8 60.0 17,150 1,375 
11.10 63.0 77.5 63.2 72.0 156.0 62.8 60.0 17,350 1,375 
11.20 63.0 76.5 63.5 71.5 155.0 62.8 60.0 17,150 1,375 
11.30 52.8 77.2 63.0 71.5 155.0 62.8 60.0 17,150 1,375 
Average... 62.9 77.74 63.34 71.9 155.8 62.8 60.0 17,160 816 560 1,376 
2.55 63.6 85.5 63.0 77.0 180.0 64.8 62.0 23,100 1,225 
3.05 63.8 85.5 63.0 76.5 177.0 64.8 62.0 23,400 1,275 
3.15 63.8 85.5 63.0 76.0 175.0 64.8 61.5 23,100 1,225 
3.25 63.5 85.0 63.0 76.5 175.0 64.3 61.5 23,250 1,290 
3.35 63.5 87.0 63.2 77.0 176.C 64.3 61.5 23,100 1,260 


Average 63.04 85.7 63.04 76.6 176.6 64.5 61.7 23,190 752 503 1,255 


| 
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The total amount of water from both washers was measured by the weir, and the 
amounts passing through each washer were calculated from the final temper- 
atures. The gas was measured by venturi meter. The temperature of the 
atmosphere was 45 deg. fahr. Two tests of 40 minutes each were made on the 
same day. The readings and averages are given in the table. 

2 The total heat absorbed in the first scrubber during the first test was 100,912 
B.t.u. permin., of which 31,205 B.t.u. is accounted for in the loss of sensible heat 
in the gas. On the second test the total heat absorbed was 137,874 B.t.u. per 
min., of which 50,848 B.t.u. is accounted for by the loss of sensible heat. From 
the following calculations the amount of vapor condensed per cu. ft. of gas at 
64 deg. was found to be 27.4 grains in the first, and 25.2 graids in the second 
test, or an average of 26.3 grains. 

First Test: 

Washer 1, temperature of entering gas, 155.8 deg.; leaving gas, 62.8 deg 
Density of gas ).OS15 


Specific heat 

Cu.ft. of gas per min 17.160 

Sensible heat lost by gas: 

17,160 0.0815 0.24 (155.8 — 62.8 31,205 B.t.u. per mip 

Heat absorbed by water: 

S16 & 8S} & (77.74 — 62.90) = 100,912 B.t.u. per min 

100,912 B.t.u. — 31,205 B.t.u. = 69,707 B.t.u. 

Average latent heat of vapor from 155.8 deg. to 62.8 = 10387 B.t.u 
69.707 


0.00292 |b. or 27.4 er. of vapor condensed per cu {t. of 
17.160 1037 


gas at 64 deg 
Secon Test 
rsible hest lost vis 
25,190 O.OS15 & 0.24 & 112.1 5O.S48 
Heat sosorbed water 


792 & 8} 22.06 137.874 B.t.a 
173,874 B.t.u 50.848 B.t.u 87,026 B.t.u 
Average latent heat from 176.6 to 64.5 deg 1020 B.t.u 


S706 
0.003605 Ib. or 25.2 gr. vapor eondensed per eu. ft 
23,196 1029.7 
gas at 64 deg 
3 Sinee the average temperature of the gos leaving the first serubber was 
about 64 deg., the amount of moisture remaining in the gas was about 6.6 grains; 
this added to 26.3 grains condensed gives 32.9 total grains of moisture per cu. 
ft. in dry cleaned gas. This represents a dewpoint of about 117 deg. or about 
31 per cent saturation at the average initial temperature of 166 deg. Later 
tests with wet and dry bulb thermometers in the gas mains showed dewpoints 
varying from 104 deg. to 114 deg. for an average gas temperature of 170 deg. 
The results of these tests indicate the reducing effect which the washing of 
the gas has onthe moisture. While by these calculations the amount of mois- 
turein the dry cleaned gas was found to be about 33 grains per cu. ft. in October 
1908, moisture determinations with Brady filters made on July 14, 15 and 16, 
1909, gave very similar results. It will be noted that the test figures fairly 
coincide with the caleulated values. 
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1908, moisture determinations with Brady filters made on July 14, 15 and 16, 
1909, gave very similar results. It will pe noted that the test figures fairly 
coincide with the calculated values. 


TABLE 11 MOISTURE TEST IN DRY CLEANED GAS 


CoO 
Date CO2 co H B.t.u co 
2 
July 14 Gas analysis 14.8 25.5 3.0 0.1 91.8 1.72 
Grains of moisture per cu. ft ; 34.124 
Temperature at meter, deg. fahr : 84 
Barometer, inches of mercury i 29.27 
Temperature in gas main, deg. fahr . 192 
Pressure in gas main, inches of water 9.5 
July 15 Gas analysis 13.8 25.7 40 0.1 95.3 1.86 
Grains of moisture per cu. ft. 41.7453 
Temperature at meter, deg fahr 85 
Barometer, inches of mercury . 20 68 
Temperature in gas main, deg. fahr... 156 
Pressure in gas main, inches of water . 65 
July 16 Gas analysis 13.1 26.1 3.5 0.2 0 1 1.99 
Grains of moisture per cu. ft 38.421 
Temperature at meter, deg. fahr.... &3 
Barometer, inches of mercury...... 29.36 
Temperature in gas main, deg. fahr. 190 
Pressure in gas main, inches of water 10 


Average moisture, gr. per cu. ft 38.1 


APPENDIX NO. 5 


METHOD USED FOR MEASURING AND RECORDING GAS CON- 
SUMPTION 


The following description of the method used for measuring and recording the 
gas consumption was contributed by C. J. Bacon, Mem. Am. Soc. M. E. 

2 The amount of gas consumed by the blowing engines at the blast furnaces 
and the power engines in the electric station, is measured by venturi meters 
one in the 54-in. main to the blowing engines and another in the 60-in. main to 
the power engines. The 60-in. meter was installed first and tested by volumet- 
ric measurements as hereinafter described. The 54-in. meter was subsequently 
constructed with the same proportions, and as the only difference is in the size 
no tests have been thought necessary. These meters are of much the usual 
form, except that certain liberties were taken in the design to simplify the shop 
work; the throat section of each being a straight cylinder connected to the 
small ends of the upstream and downstream cones without rounding at the in- 
tersections; and there was a similar omission of curvature at the connection be- 
tween the approach section of 5ft. pipeand the large end of the upstream cone. 
Although it was realized that these departures from theoretically perfect de- 
sign were likely to introduce more or less error due to eddy currents, neverthe- 
less in view of the facility with which the accuracy could be determined by 
means of the gas holder, the somewhat irregular construction was allowed to 
stand. The absence of test data on meters of this size made tests advisable 
regardless of how nearly perfect the shape and construction might be. 

3 By referring to Fig. 236 of the paper, it will be seen that the 60-in. meter 
has an over-all length of 53 ft. lin., and consists of an up-stream cone 11 ft. 6 
in. long and having openings 60 in. and 20 in. in diameter, a straight cylin- 
drical throat section of cast iron 20 in. in diameter by 15in. long, and a down- 
stream cone 39 ft. long, likewise with openings 60 in. and 20 in. in diameter. 
The up-stream cones are made of plate, with butt-joints and countersunk 
rivets inside to reduce friction. A cylindrical casting 16 in. long by 60 in. in 
diameter and containing an annular pressure chamber, is inserted between the 
straight-approach pipe and the upstream cone. A similar pressure chamber 
surrounds the throat. Twelve 3/16-in. holes communicate to each of the 
chambers the pressures existing within th® meter at those points. The char- 
acteristic equation for flow of gas in venturi tubes! was used in the calibration 
of this meter. 

4 A number of carefully conducted tests have been made at various times to 
determine the meter coefficient, utilizing the 100,000 cu. ft. gas holder as a 
means of volumetric measurement. This holder is located about 260 ft. from 


‘See The Flow of Fluids in a Venturi Tube, by E. P. Coleman, Transactions, vol. 28, 1907 
p. 483, for the derivation of this equation. 
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the meter, and is provided with a combination of water-sealed valves such that 
the flow of gas to and from the holder may be controlled at will. The horizontal 
area of the holder was accurately determined by measurement of diameters, 
and a vertical scale of feet and tenths was marked on the outside to permit of 
determination of the rate of rise of the holder. Observations were taken of 

A gas pressure in the upstream chamber. 

B difference in pressure between upstream and throat chambers. 

C temperature of gas at meter and holder. 

D analysis of gas including water vapor contents. 

E barometric pressure. 

F gas pressure at inlet to holder. 


From these data and the dimensions of the meter, values may be assigned in 
the above-mentioned equation of flow. It is worthy of especial note that the 
ratio of specific heats for the mixture of gas and aqueous vapor is in this case 
1.38, the use of it in the formul#, however, does not result in an appreciably 
lesser flow than the use of 1.408, the commonly accepted value for air. Without 
burdening this paper with the actual data and computations, the net average 
results of 17 separate holder tests at various rates of flow shows a meter coeffi- 
cient of 0.91, which is taken to mean that the actual flow is 91 per cent of the 
theoretical flow. 

5 This determination of meter coefficient was made more as a matter of 
scientific interest than as a necessity, since working curves showing the relation 
between the difference in upstream and throat pressure and volume of gas at 
prevailing temperatures and pressures, could have been constructed from test 
data alone. The meter coefficient, however, being available, it was made use 
of in connection with the theoretical formula in preparing the curves in Fig. 
35 of the paper, from which the volume of gas, reduced to standard conditions 
of 62 deg. fahr. and 29.92 in. barometer, may be determined for prevailing 
temperatures and meter readings. For these curves the absolute pressure of 
gas in the main is taken as 29.5in. mercury, which is the sum of the average 
upstream pressure and the average barometer at this locality. 

6 Daily records of flow of gas are obtained by means of a Bristol differential 
pressure recorder, located in the Theisen washer building about 250 ft. away 
from the meter and connected to upstream and throat chambers by two lines of 
pipe. Comparison of readings at the meter with the recorder shows no error 
due to the long connecting pipes. The curves of Fig. 2 are used in conjunction 
with these daily meter charts to obtain the average rate of flow for each day, 
which with the calorific value, the kilowatt output of the generators and the 
generator efficiency, gives the data required for computing the daily average 
thermal efficiency at the engine shaft. The chart shown in Fig. 36 of the paper 
represents a flow of 22.044 cu. ft. per min. Other observations and computa- 
tions for that day were as follows: 


B.t.u. per cu. ft. at 62 deg. fahr. acti 87.1 
Average load, kilowatts...... . 7306 
B.t.0. per kw-hr............ 15761 
B.t.u. per b.h.p-hr. at 96 ©) generator efficiency 11311 
Thermal efficiency at shaft eat 22.5 


The monthly averages of these daily data, and the results for the year 1909 
are shown in Fig. 38 of the paper. 
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7 Questions are often raised regarding the amount of dust deposited in 
meters for blast furnace gas. ‘The 60-in. meter has been examined at six- 
month intervals. The first inspection showed a slight accumulation of moist 
dust at and near the throat, but not in sufficient quantity to affect the results 
appreciably; at the second examination no dirt was found; at the third a con- 
siderable coating of dirt was found and was cleaned out, unfortunately without 
accurate measurement of the average thickness. As a means of determining 
the effect of the reducing diameter on the flow of gas, a comparison was made of 
the average thermal efficiency for a week preceding and a week following the 
cleaning as follows: 


Week preceding cleaning 16.9 per cent 
Week following cleaning 19 0 per cent 
Reduction of flow. ll per cent 


As far as known no change occurred at the engines to affect the efficiency; 

consequently, since the flow through the meter varies directly as the area, the 
16.9\! 

reduced diameter due to dust was( 19 = x 20 in IS.8 in. Therefore the 

average thickness of the coating was approximately 0.6 in. 

& The cause of this unusual deposit is ascribed to one of the furnaces making 
special irons, ferrosilicon and spiegel, during the latter part of August and the 
entire months of September and October 1909, or about 68 days during which 
the amount of dust found in the raw gas was excessive, as explained in par.73 
of the paper. On this basis it is assumed that the deposit began late in August 
and continued at uniform rate through October, when the error amounted to a 


maximum of 11°. Suitable corrections were made on the monthly averages 
shown in the tables and charts. To prevent a repetition of the accumulations 
of dust in the venturi meter a system of spray nozzles (shown in Fig. 236 of 
the paper) was installed, for flushing the meter throat thoroughly with high- 
pressure water. 
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A COMPARISON OF LATHE HEADSTOCK 
CHARACTERISTICS 


By Pror. WALTER RAUTENSTRAUCH, New YORK 


Member of the Society 


The discovery of the properties of high-speed steels, and the large 
ible on the performance of these 


amount of experimental data avail: 
urged the designer to 


steels on various classes of materials, have 
attempt to incorporate in machine tools such characteristics as will 
machines to the most efficient use of the new steels. There 


adapt the 
‘intended to meet the new 


exist at present many machines which are 
standard of performance, and it will be interesting 
been made to meet the new con- 


to examine the 


results of the attempts which have 
| to note the direction in which they have tended. There 


ditions am 
ve compared, and no 


many bases on which machine tools may | 


are 
est from all points of view; as the limits 


single machine will ever prove I 
all these points, ore of several 


of this paper prevent the discussion of 
and the 


possible standards will be adopted as a basis for compart 
results will be interesting though not conclusive. 
2 Since the new steels will take heavier cuts than is possible with 
the carbon steels, and still retain their durability, a standard of com- 
the basis of those characteristics of 
Istock which permit the most economic 
soft and me- 


parison will be established on 
speed and torque in a lathe heac 
removal of shavings from a given class of material, viz., 
A comparison of the speeds and torques actually obtain- 
cs will serve as a 
is particular. 
In this connection the method devised by Dr. J. T. Nicolson, of 
foundations of which are as follows: 

tool in a given 


dium steels. 
able in any machine with the standard characterist1 
means for judging the efficiency of the headstock in th 


Manchester, is employed, the 
; Since the volume of metal removed by a lathe 


time isa product of the area of cut and the speed of cutting, the weight 


removed in one minute will be equal to the area of cut in square inches 
times the speed of cutting in inches per minute times the weight of 
Tue AMERICAN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, 


New York. All papers are subject to revision. 
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the metal per cubic inch. The force on the tool has been determined 
experimentally! to be approximately proportional to the area of the 
cut, the torque required to take any size cut is equal to the force on 
the tool times the radius of the work, and the speed at which the cut 
can be taken on any diameter of work depends on the spindle speed 
which can be obtained. These facts, together with the relations 
which have been established between possible maximum cutting speed 
and area of cut on different materials,” show that in any machine 
a definite relation must exist between the spindle speeds and the accom- 
panying torques obtainable, that the machine may be adaptable to 
efficient weight removal on all diameters of any material. 

4 The results of the experiments made by the Manchester Asso- 
ciation of Engineers and the Berlin Section of the Verein Deutscher 
Ingenieure, have been used by Dr. Nicolson to derive equations ex- 
pressing the approximate relation between the area of cut and the 
maximum cutting speed. The duration of cut was not less than 
20 minutes, without injury to the tool. The following result was 
obtained for the materials in question (medium and soft steel): 


a 
where V = cutting speed in feet per minute. 
a = area of cut in square inches. 


This equation, therefore, serves to determine the cutting speed at 
which it is possible to operate on this material without injury to the 
tool, when taking a cut of a given size? 

5 To establish a basis for determining the spindle speeds and 
torques required to remove the maximum weight of shavings on all 
diameters of work, it is necessary to determine the average area of 
cut which a lathe of given size should be expected to take. This was 
accomplished by Dr. Nicolson through correspondence with lathe 
builders, and the conclusion reached‘ was that the following rule met 
with wide acceptance for the machining of mild steel forgings: 


where a = area of cut in square inches. 
S = swing of lathe in inches. 


1 Transactions, vol. 25, p. 656. 

2 Report of Manchester Association of Engineers, October 24, 1903. 
’ The Engineer (London), April 7, 1905. 

‘The Engineer (London), April 28, 1905. 
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6 If the above relations are true, namely, that the maximum pos- 
sible cutting speed for mild steel varies with the area of cut as ex- 
pressed in Equation 1; that the average area of cut on this material 
which a lathe of any given swing should be expected to accommodate 
is as given in Equation 2; and that the force in the tool varies directly 
as the area of the cut (for mild steel the force on the tool is approx- 
imately 100 tons for each square inch of area cut): then the following 
basis may be established for the design of, say, an 18-in. lathe capable 
of removing the maximum weight of shavings in a given time on all 
diameters of work, 

standard area of cut on al! diameters 
sq. in. 
25,600 25,600 


Force on tool = LOO x 2000 x 0.0126 = 2520 |b. 
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hic. 1 Sprep-Toreur Diacram 


torque on work of face plate diameter = 2520 &* “ = 1890 ft. Ib. 
maximum cutting speed at which cut may be taken = + 15 
a 


+15 = 944 ft. per min. 
0.0126 
revolution of spindle required for this cutting speed on work of face 
44 


plate diameter = - = 20 r.p.m. 
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7 The maximum torque required of the lathe will on this basis be 
equal to 1890 ft. lb., while the minimum spindle speed necessary to 
give the maximum cutting speed on this area of cut at face plate 
diameter is 20 r.p.m. When the standard area of cut is taken on a 
smaller diameter the resulting torque will obviously be less. It will be 

360 


= 


60 
\ 
\ 


Spindle Speed K.P.M 


Fig. 2. Acruat Sperep-TorquE DIAGRAM 


necessary, however, to increase the spindle speed of the machine, if 
that surface speed is to be maintained, which is desirable for the most 
efficient use of the tool and to maintain constancy of volume removed. 

8 Since the spindle speed for these conditions will vary inversely 
as the diameter of the work, and the torque directly as the diameter 
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of work, it will be obvious that when the problem is to remove the 
maximum weight of shavings on all diameters of work, the product 
of speed and torque should be a constant. The highest spindle speed 
for which the lathe should be designed will ce pend on the smallest 
diameter of work which the lathe can economically handle, and the 
maximum cutting speed desirable on this diameter, On the basis 


that the least diameter is ~ , and that a cutting speed of 120 ft. per 
16 


min. should be proy ided, the Maximum spindle spe ed should he 


iz 120 
4200 


Ng S = approx, 
16 
rABLE 1 PIG. 2 I8S-IN. LATHI 
(COUNTERSHAFT SPEEDS 195 AND 235 CONES I 83 DiaMerer; First Back-Gear 

3ltol;Seconp Back-Geak Rariol0.95tol, Beur3 Assumep P PER 
new OF 

2 00 

14 40 S65 

17.80 j 

21.46 1040 4 

40 865 158.17 ) 

31.87 700 19 ) 

39. 65 314 235.0 

47 80 261 8 ) } 

58 90 212 JAY 


For the case of an 18-in. lathe this would result in a maximum spindle 
speed of 400 r.p.m. 

9 In accordance with the ‘above analysis, the ideal characteristic 
to which the design should tend is as shown in Fig. 1. The abscissse 
represent torques, and the ordinates revolutions of the spindle. For 
the 18-in. lathe the dimensions of the diagram shown in Fig. 1 are 

ab = fe = 1890 ft. lb. 
af = be = 20r.p.m. 
ae = jd = 400 r.p.m. 
aj = ed = 95 ft. lb. 

10 Since the product of speed and torque should be a constant, 

for the reasons previously explained, an equilateral hyperbola be- 
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tween the points d and c completes the construction of the ideal dia- 
gram. Accordingly, af is then the speed at which the spindle should 
run that the standard area of cut may be takenatits properspeed on 
work of face-plate diameter, and fe is the corresponding torque per- 
mitting this area of cut to be taken. Likewise, if the diameter of 
work is less than face-plate diameter, and since the torque varies 
directly as the diameter of work for a given area of cut, the torque for 


at 
diameter of work equal to S ab and standard area of cut, is gh, while 


the spindle speed required to give the appropriate cutting speed is ag. 


Spindle Speed R.P.M. 


Ce 


Torque Ft, Lb. 


3 Actruat SpEED-TorRQUE DIAGRAM 


11 It will be apparent that this diagram may be used in two ways; 
first, as a means for determining the proper relations which should 
exist between spindle speeds and torques when a lathe of any size is 
to be designed for conditions as defined above (to remove the maxi- 
mum weight of shavings in a given time on al] diameters of work of 
any given material): second, as a means for determining the extent to 
which the speeds and torques of a lathe already designed correspond 
to the standard established. In this latter connection it will also be 
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possible to determine whether or not any speeds, with their corre- 
sponding torques, might be omitted without hindering the weight- 
removing capacity of the headstock. 

12 To illustrate the manner in which the diagram may be used as 
a standard for comparison, Figs. 2 and 3 are presented. In these fig- 
ures are shown the speeds and torques obtainable in two lathes of 
recent manufacture, made by different firms. The data for the deter- 
mination of the speeds and torques, which were obtained from the 
manufacturers’ catalogues, are given in Tables 1 and 2. 

13. On the basis that these lathes should be capable of operating 
on mild steel, with an area of cut on all diameters as determined in 
the above analysis and up to the maximum cutting speed which the 


TABLE 2 (FIG. 3) 18-IN. LATHE 


CouNTERSHAFT SPEEDS 196 TO 234 R.P.M.; Cones 121N., 9] 1N., 7] Diameter; First Back Gear, 
Ratio 3.66 to 1; Seconp Back Gear, Ratio 13.5 ro Betr31n.; AssumEepD Bett Pott 50 LB. 
PER INcH or WipTH 


Spindle Speed Torque Spindle Speed Torque 
r.p.m. ft.Ib. r.p.m ft.lb 
11.6 1012 82.0 226 
14.4 1012 102.0 177 
18.0 835 126.0 177 
22.3 835 157.0 75 
27.8 655 195.0 75 
34.5 655 243.0 61.6 
42.7 27 300.0 61.6 
53.0 274 375.0 48.5 
66.0 226 465.0 48.5 


durability of the tool steel will permit, it will be noted that these 
designs are deficient; for example, if it were required to turn a piece 
of mild steel 9 in. in diameter, with a cut of 0.0126 sq. in. = } in. 
X 3 in. (approximately) the torque required would be 


0.0126 X 2,000,000 x , = 985 ft. lb. 


xX 12 
The lathe illustrated in Fig. 2 would have to take this on spindle speed 
lor 4. Speed 4 would give the highest cutting speed which would be 


21.46 X “> ~ = 504 ft. per min. 


But with the above area of cut a cutting speed of 943 ft. per min. 
would be possible under ideal conditions, hence the minimum time in 
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which one pound of shavings could be removed under the actual 
circumstances is about twice what it would be if the required torque 
were available at the maximum cutting speed. 

14 Any number of examples could thus be worked out to illus- 
trate the limits which the dimensions of this headstock impose on 
either the area or speed of the cut which can be taken on any diameter 
of work. The question may be asked, to what extent do each of these 
speeds, with their corresponding torques, contribute to the weight- 
removing capacity of the lathe, when operating on this material? f” 

15 Referring to Fig. 1, it will be noted that the area ab X be is the 
product of the torque and spindle speed and is 


f ary F ap K av 


where 
f = force on tool In pounds per square inch. 
a = area of cut in square inches. 
V = cutting speed in feet per minute. 
r = radius of work in feet. 


But the area of the cut times the speed of cutting is a measure of the 
volume of metal removed in a given time and hence a measure of the 
weight removed in a given time. Any condition, therefore, fixing the 
limits to the area and speed of cut which ean be taken on any diameter 
of work will limit the maximum rate at which metal can be removed. 

16 Let us determine, therefore, to what extent the gap between 
the speeds, and the departure of the torque from that which has been 
established as desirable at the different speeds, will effect the weight- 
removing capacity of the lathe. Let Fig. 4 represent the ideal torque- 
speed diagram for any lathe, established on the above basis, and ab 
and ac two spindle speeds actually obtainable with torques bd and 
ec respectively. Then with a speed of spindle ab and torque bd, the 


standard area of cut may be taken on work of diameter S —_. where 
ag 


S is the swing of the lathe. 
bj 
17 Suppose it is only necessary to take a lighter cut a= bd ) on 


the same diameter of work, can it be more economically removed by 


bj 
taking the full cut (4 = bd ) with the spindle speed ab or, neglect- 
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ing the time for resetting the tool, to use a still lighter cut with the 
spindle speed ac and go over the work twice to bring it to finished size? 
Also, up to what limit of area of cut will it be more economical to use 
the speed ab than ac? 

18 Now the whole area of cut may be taken at the lower speed 
a ab, for which the rate of weight removed is represented by (bj X jq), 
or it may be taken at the higher speed ac by going over the work 
twice, first with a depth of cut and feed, giving an area of cut equal to 

Ms pp and again with remaining depth of cut and a feed giving the 


bx 


same area of cut a, hel? 


required to bring the piece down to size 


Fic. 4 Sprep-Torave Dracram 


Neglecting for the present the time taken to reset the tool, it will be 
seen that the weight removed in the same time will be greater by 
going over the piece twice, each time with an area of cut equal to 

bx bj 
ds yp and spindle speed ac, than by taking the cut of area a, bed 
at the lower spindle speed ab. 

19 To illustrate more specifically, suppose for example that bd 
represents the torque required to take the standard cut a, on some 
given diameter of work, then bj would represent the torque required 
on the same diameter of work when the area of cut is not equal to the 
bj 
hd’ 


equal to the ratios of the areas of cut on the same diameter of work. 


standard area but is equal to a, since the ratio of the torques is 
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bj 


bx 
If a, = 0.0126 sq. in., a, 2 * 0.0084 sq. in., a, aa 0.0063 sq. in., 


and ab = 30 r.p.m., ac = 50 r.p.m., then the rate of weight removal 
bj 
when taking the area of cut a, bd at the spindle speed ab is propor- 
It 


bx 
hd 
at the spindle speed ac the rate of weight removal is proportional to 
0.0063 x 50 = 0.315. The above condition will be true up to such 
areas of cut on the given diameter which, when multiplied by the 
lower spindle speed, will give a rate of weight removal greater than 
0.315. This limit of area of cut may be conveniently determined by 
drawing an equilateral hyperbola through e and letting it cut bd at /. 


tional to 0.0084 x 30 = 0.252, while if the area of cut a 


is taken 


Spindle Speed P.M. 


Torgue 


Fia. 5 Ipeat Speep-Toraue DIAGRAM 


bl 

Areas of cut from a, bd to a, can be more economically removed for 

the given diameter of work at the lower speeds, while areas of less 


bl 


than a, bq C2R be more economically removed by taking the lighter 
( 


ba 
areas of cut a at the higher spindle speed and going over the work 
bd 


twice to bring it to size. Therefore, the efficiency in weight removed 
of this range of speeds and torques, compared to the ideal case where 
all speeds and torques, define within the area betd are available, is 
represented by the ratio 

area bcel 


area betd 


CoN 
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bx bl 
In case the areas of cut from a, ; to a,.. can not be taken on 


the diameter in question at the higher spindle speed because the 
resulting surface speed is too great, the above statement is not 
true. A few of the designs examined have been checked in this 
manner and found to come within the limit just defined. 

20 No allowance, however, has been made for the time required 
to run the carriage back and reset the tool. It will be seen that as the 


bl 


limiting area a, bd is approached, the time saved on the use of the 


lower speed in place of the higher becomes less. Accounting for the 
time required to reset the tool for a second run, it will be noted that 


the limiting area is reached before a, Just where the limit will 


bd 
be encountered it is impossible to determine except by empirical meth- 
ods. Dr. Nicolson has ascertained that this limit may be approxi- 
mately determined by the use of the following construction, irrespec- 
tive of the type or design of the lathe. 
21 Let Fig. 5 represent the conditions taken in Fig. 4. Construct 
a tangent wz to the hyperbola at and drop the vertical ty. Bisect the 
angle between wx and ty by the line tv. The efficiency of this particu- 
lar part of the headstock will be approximately represented by 
area ceuxrb 
area cldb 
br 
Areas of cut equal to and greater than a, can be more econom- 


bd 
icaily taken on this diameter of work at the lower speed ab because 
of the difference in time required to handle the machine for the two 
cuts required to bring the piece to size. 

22 This constructionis to be considered as a rough approximation 
only, and represents the facts as well as the conditions in the case will 
permit. This methodof comparing the efficiency of a lathe witha pre- 
determined ideal performance on any given material is due to Dr. J. T. 
Nicolson and Mr. Dempster Smith, to whom all credit should be given. 
The above method is useful in determining the adaptability of a lathe 
to meet only one of the many kinds of service in which the lathe may 
be employed and is not a final means for either justifying or condemn- 
ing a lathe for general purpose work. 
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220 


200 


S 


spindle Speed 1 


Torque Ft.Lb 


Fic. 6 16-In. DousLe Back-GEARED LATHE 


TABLE 3 (FIG. 6) 16-IN. DOUBLE BACK-GEARED LATHE 


Cone 8}1N., 9} 1N., 114 Beut 


COUNTERSHAFT 115 anp 150 


R.p.M. First Back-GEAR Ratio 3 70 1; Seconp Back-GEAR Ratio 8} To 1 


Spindle Speeds Torques Spindle Speeds lorques 

r.p.m. ft.lb r.p.m ft.lb 
9.87 748 50.00 231 
12.85 748 53.50 193 
13.80 642 69 60 193 
18.00 642 82.50 90 
19.20 537 107.00 90 
25.00 537 115.00 77 
27.50 270 150.00 77 
35.73 270 160.00 65 
38.33 231 209 00 65 


The torques were computed on the basis of 50 Ib. per inch of belt effec- 
tive on the pulley surface. As a basis of the foregoing analysis, the lathe 


should be capable of the following: 


No (greatest desirable spindle speed) = 450 r. p. m. 
MI (least desirable spindle speed) = 28} r. p. m. 
Moximum desirable torque = 1366 ft. lb. 
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There is, however, one point of broad application which a speed 


torque diagram constructed according to the above basis will imme- 


diate 


corre 


‘ly bring out; that is, the uselessness of certain speeds, with their 
‘sponding torques, possible in a given lathe on any class of work. 


As an illustration of how the relative merits of lathes of different make 


may 


selec 


INE 


Ba 


No 


he determined with reference to a common standard, 11 lathes 
ted from the catalogues of different builders have been used in the 
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Fig. 7 16-1n. Back-Gearep LATHE 
rABLE 4(F1G.7)16-IN. DOUBLE BACK-GEARED LATHE 


DIAMETERS 6 1N., 8 aNn., 101N.; 2) 1n.; CounTEeRSHAFT Speep 125 First 


eK-GEAR Ratio 3} 701; Seconp Back-Gear Ratio 9} Tol 


450r.p.m.; Nl = 28}r.p.m.; maximum torque = 1366 ft. Ib 
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a1 204 
22.5 182 
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construction of the following figures. In each case the data were ob- 
tained from the catalogues, or by correspondence with builders, and 
the possible speeds and torques determined. The data and results 
thus obtained are shown in Tables 3 to 13, the corresponding speed- 
torque diagrams being represented by Figs. 6 to 16. 


Spindle speed R.P.M. 


Kia. 8 18-1n. DouBLeE Back-GEARED LATHE 
TABLE 5 (FIG. 8) 18-IN. DOUBLE BACK-GEARED LATHE 
Cone DIAMETERS 7} IN., 1N., 121N.; BELT WiptH 31N.; COUNTERSHAFT SPEEDS 196 AND 243 R.P.M.: 


First Back-GearR Ratio 3.66 To 1; Seconp Back-Gear Ratio 13.570 1 


Spindle Speeds Torques Spindle Speeds 


Torques 
r.p.m. ft.lb r.p.m. ft.lb. 
11.6 1012 $2.0 226 
14.4 1012 102.0 177 
18.0 835 126.0 177 
22.3 835 157.0 75 
27.8 655 195.0 75 
34.5 655 243.0 61.6 
42.7 274 300.0 61.6 
53.0 274 375.0 48.5 


Ng = 400r.p.m.; Nl = 20r.p.m.; maximum torque = 1900 ft. Ib. 
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Fie. 9 18-1n. Back-GEARED LATHE 


TABLE6 (FIG. 9) 18-IN. SINGLE BACK-GEARED LATHE 


Cone Diameters 5} 1N.; 1N., 8) 9) 2 11} Wipta 23 1N.; CouNTERSHAFT SPEED 


125 n.p.m.; Back-Gear Ratio 8.44 To 1 


Spindle Speeds Torques 


r.p.m. ft.lb. 
5.70 500 
8.75 437 
13.50 390 
20.60 300 
32.00 231 
48.00 60 
74.00 52 
114.00 46 
174.00 36 
270.00 27 


Ng = 400r.p.m.; Nl = 20r.p.m.; maximum torque = 1900 ft.lb 


f i 
4 
\ J 
\ a 
\ 
|) 
| 
180} 
- \ 
160 \ 
\ 
: 
= 120 q 
one \ J 
J ~ 
100 
~ 
so 
ty \ | 
— 
j 
| = 
Porgue 
& 
> 


1026 A COMPARISON OF LATHE HEADSTOCK CHARACTERISTICS 


24 Among the facts brought out by this method of comparison of 
the adaptability of different makes of lathes to the performance of a 
standard task, there are two which are particularly striking. It will 
be noted in the first place that a considerable difference of opinion 
exists among the several builders, the characteristics of whose lathes 
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Spindle Speed R.P.M 


borque 
Fic. 10) 18-1n. DousBLe Back-GeARED LATHE 
are here illustrated, as to what constitutes a sufficient powering of the 
lathe to meet the demands of the high-speed steels, the number of 


speeds to be furnished, and the manner in which the speeds and 
torques should be spaced. 


If in reply to the questions of powering it 
is stated that the particular lathe in question is intended for taking 
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lighter cuts, which might be a proper basis for design under certain 
circumstances, it still remains to justify the manner in which the 
speeds and torques are spaced. 

25 For example. take the case of the lathe represented in Fig. 6. 
For the single instance of having to turn a 9-in. piece of soft steel it 


TABLE 7 (FIG. 10) 18-IN. DOUBLE BACK-GEARED LATHI 


Cone DIAMETERS S]1N., 10} 1N., 131N.; Bett Wipru 3) 1N.; COUNTERSHAFT SPEEDS 199 AND 250 R.P.M. 


First Back-Geak Ratio 3.31 Seconp Back-GEAR Ratio 10.95 To I 


Spindle Speeds Torques Spindle Speeds Torques 
ft.Ib r.p.n ft.lb 

12.0 104 14 

144 865 R7 3 261 

17.8 70 l + 212 

21.46 1040 131.25 ) 

26.4 865 158.17 79 

31.87 700 105 ) 64 

39.65 314 95 

47.8 261 289 00 79 

x 212 44 

Ng = 400 r.p.m.; Nl = 20r.p.m.; maximum torque 1900 ft. Ib. 
rABLES8 (FIG. 11) 20-IN. ROUGHING LATHE 
Cone DIAMETERS 114 1N. AND 13 6-1N. Dous ie Bevtr; CountTersuart Sreevs 340 anp 
n.P.M.; First Back-GeAR Ratio 3 70 1; Seconp Back-GearR Ratio 6 To 1 

Spindle Speeds lorques Spindl Speeds lorq 
r.p.m ft.lt r.p.n ft.Ib. 

50 1360 128 680 

53 1210 137 605 

64 1360 300 997 

68 1210 323 202 

100 680 384 227 

107 605 412 202 

Ng = 360 r.p.m.; Ml = 16 r.p.m.; maximum torque 2666 ft. It Double belts are estimated as 


having 75 lb. per inch of width effective on pull 


will be seen that the maximum area of cut that can be taken is lim- 


ited to 0.01 sq. in., equivalent to a cut { 


in. by |, in., and that the 
highest speed which the resulting torque of 750 ft. Jb. will permitis 
12.85 r.p.m., giving a cutting speed of 30 ft. per min. on this diameter. 
The cutting speed possible with soft steel on this area of cut is approx- 


imately 115 ft. per min. or if an area of cut of 0.0036 sq. in. is to be 
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taken on the same diameter, the highest spindle speed which the result- 
ing torque of 270 ft. lb. will permit is 35.73 r.p.m., giving a cutting 
speed of 85 ft. per min. The cutting speed possible with this area of 


120 


100 


380 


20 


200 


Spindle Speed R.P.M. 


LOO 200 300° 100 500 600 700 S00, OO 10001100 1206-1500 
Torque Ft. Lb. 


Fig. 11 20-1n. RoucHine LaTHE 


cut is above 200 ft. per min. For this size of work, then, the lathe is 
inefficient, or for efficient operation is limited to forms of work in 
which the cutting speeds and area of cut determined are the highest 
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Spindle Speed R.P. M. 


Fic. 12 2l-1n. Heavy-Duty LATHE 


TABLE 9 (FIG. 12) 21-IN. HEAVY-DUTY LATHI 


Cone Diamerers 10} 1N., 13}: 1N., 16 1N.; BELT Wipta 4} 1n.; Two CountTersnart SPEEDS 
Back-Gear Ratio 3.13 101; Seconp Back-Gear Ratio 11.3701 


; First 


Spindle Speeds Torques Spindle Speeds Torques 
r.p.m. ft.lb r.p.m. ft.lb. 
12 1,700 64 470 
10 1,420 80 394 
15 1,150 96 320 
18 1,700 113 150 
23 1,420 136 126 
27 1,150 168 102 
36 470 202 150 
43 394 250 126 
53 320 300 102 


Ng = 342r.p.m.; Nl = l4r.p.m.; maximum torque = 3087 ft. lb. 
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possible. In like manner, the limits of performance on any othe 


diameter of work imposed by the torque-speed characteristics of the 
lathe, may be determined. 
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hig. 138) 24-1n. GEARED-Heap LATHE 


26 The extent to which the several speed-torque characteristics 


supplement one another is also very conveniently brought out in these 


diagrams. 


Again referring to Fig. 6, it will be noted that the con- 
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tribution of a number of the speed-torque combinations to the effi- 
ciency of the lathe for weight removal is brought into question, no 
matter what the standard of performance may be. If the foregoing 
analysis is rational, it indicatesthat the speeds 160, 150, 115, 107, 82, 73, 
53, 50, 38, 35, 27,19, 20,18, 13.8, 12.85,'and 9.87, with their accom- 
panying torques are superfluous. Only upon a sufficient increase in the 


PABLE 10) (FIG. 13) 24-IN. GEARED-HEAD LATHI 


(OUNTERSHAFT PULLEY 161N.; HEaApsTrock 15}21N.; CoUNTERSHAFT SPEEDS 205 aND 250 


6}-1N. pouBLE Bett; First Back-Gear Ratio 3.69 ro 1; Seconp Back-GEAR Ratio 13 To 1 


ju Spindle Speeds Porques 
ft.lt 
7 1066 
12 ") 1066 
15 1 1066 
14 760 14 280 
24 760 174 289 
0 760 2 
1066 270 
1066 339 28a 
$14 289 
Ng O0r.p.m.; Ni = 9.9r.p.m.; maximum torque = 4608 ft. Ib 
rABLE 11 FIG. 14) 24-IN. GEARED-HEAD LATHI 
CouUNTERSHAFT Puttsy 16 Heapstock Pt BY 16 1N.; Bevt 5 CounTEeRSHAFT 
Speep 400 n.p.m.; Back-Gear Ratio 
Spindle Speeds Torques 
r.p.m. ft.lb 
3174 
32 2083 
40 1666 
60 1111 
107 623 
160 417 
200 
0 
Ng = 300r.p.m.; N/ = 9.9r.p.m.; maximum torque = 4608 ft. Ib 


corresponding torque can each of these speeds add to the efficiency of 
the lathe. Considered on the basis of a dead investment alone, it will 
be seen that the equipment required to give the above speeds, which 
seem without justification, adds a useless burden to the product of 
this machine. 
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27 Anexamination of some of the following diagrams will reveal facts 
similar to those announced above. In those cases where two counter- 
shaft speeds are employed it will be noted that no increase in effi- 
ciency is had from this source. It is a pleasure, however, to note some 
exceptions, particularly in the case of Fig. 14. It will be observed 
that upon this basis of analysis there is a justification for each speed- 
torque characteristic. If any of the speeds were cut out, the efficiency 


Spindle Speed R.P.M 


100 


300 600 1200 «1500 1800, 2100 100 Ky 00 


Torque Ft. Lb 


Fic. 14 24-1~. GEARED-HEAD LATHE 


of the lathe would be reduced. With respect to the standard task 
used in this discussion, it will be noted that the removal of speed 60 
from the headstock would reduce the efficiency by an amount 
proportional to the area abed. 

28 Another matter which appears in this connection is the relation 
of the efficiency to the number of speed-torque combinations, of which 
only eight are possible in this lathe. To what extent would the effi- 
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ciency be increased if eight additional speeds, with their accompanying 
torques, should be spaced halfway between the present combinations? 


The answer to this question would be obtained by the same method 


Spindle Speed R. 


Fig. 15” 24-1n." Douste Back-Gearep LATHE 


by which it was determined that the omission of speed 60 in the pre- 
vious problem would reduce the efficiency proportional to the area 


abcd. 
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29 An analysis of this sort will show two things: first, that increasing 
the number of speeds without regard to the torque does not necessarily 
increase its adaptability to economic performance; second, that the 
amount by which the efficiency can be increased does not increase in 
direct proportion to the additional amount of speed changes provided, 


TABLE 12 (FIG. 15) 24-IN. DOUBLE BACK-GEARED LATHE 


Cone DiaMETeERS 10}1N., 123 1N., 151N ; Bett Wiptn 4} 1N.; CounTERSHAFT SPEED = 300 R.P.M. 
First Back-Geark Ratio 3.1 1; Seconp Back-GEar Ratio 11.170 1 


Spindle Speeds Torques 
r.p.m. ft.lb 
19 1476 
27 1254 
39 1032 
68 410 
98 350 
139 288 
210 133 
300 113 
429 93 


Ng = 380r.p.m.; Nl = 9.9 r.p.m.; maximum torque = 4608 ft. Ib. 


TABLE 13 (FIG. 16) 26-IN. “MASSIVE” LATHE 


Cone DIAMETERS 7 IN., 9} 1N., 12} 1N., 15} 1N., 181N.; BELT 41N.; COUNTERSHAPT SPEEDS 125 
Back-Gear Ratio 12 10 1 


Spindle Speeds Torques 
r.p.m. ft.lb. 
4.05 1800 
6.65 1512 
10.40 1250 
16.3 975 
26.8 700 
48.6 150 
80.0 126 
125.0 104 
196.0 813 
322.0 58} 


Nog = 277r.p.m.; Nl = 8.15 r.p.m.; maximum torque = 5860 ft. Ib 


even if the accompanying torques are properly determined. If 24 
speed-torque combinations were properly spaced in the design repre- 
sented in Fig. 14, the increase in efficiency over the eight already pre- 
sented would not be twice as much as if 16 speed-torque combinations 
should be introduced in the same manner. 
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1035 
Closely associated with the matter of the increase in efficiency 
by the introduction of additional speed-torque changes is the problem 
of whether or not the increase is warranted by the increase in cost due 
to the additional equipment, and whether the management of th 


shop is such as to insure proper use of the additional equipment. The 
latter is in general the more vital question. 


In fact, the whole matter 


Fig. 16 26-1n. ‘‘ Massive’? LATHE 

of the efficiency of any machine as a part of a plant is as largely 

dependent on the management as upon the design of the machine. 
31 Butconfining our attention particularly te questionsof design,we 

note another field of usefulness for this method of analysis. It affords 


a means for determining the beneficial effects of motor equipment 


| 
5 
\, 
= 
\ ig 
\ 
\ " = 
“0 \ 
a 
\ 4 
\ 
it 
180 \ 
\ 
j \ “a 
\ 
}\\ 
\ 
| 
| \ 
\ 
\ \ ‘a 
\ \ 
\ 
\ 
eo 
~ 
ls 
lor Ft. 1b 2 


1036 A COMPARISON OF LATHE HEADSTOCK CHARACTERISTICS 


on the efficiency of the machine. Given any particular machine with 
certain possible speed-torque combinations, what changes can be 
wrought by the use of direct motor drive when the motor has certain 
characteristics of speeds and torques? The limits of this paper will 
not permit a full discussion of this question, but it is pointed out as 
one way of determining the effect of motor drive on efficiency which 
will lead to more definite conclusions than any number of photographs 
illustrating the neater appearance of a motor-equipped machine over 
a belt-driven machine. 

32 In conclusion it may be remarked that there seems to be need 
for a more rational method of procedure in determining the speed- 
torque characteristics of a lathe. While it is impossible to formulate 
all the conditions which a lathe may encounter in its operation, at 
the same time it is believed that a method of analysis such as that 
described in this paper will materially assist the designer in deter- 
mining the speed-torque relations which are justifiable, and will enable 
the purchaser to determine whether or not the speed-torque character- 
istics of any given lathe are adaptable to his conditions. 


FINISHING STAY-BOLTS AND STRAIGHT AND 
TAPER BOLTS FOR LOCOMOTIVES 


By C. K. Lassirer,! Ricumonp, Va. 


Non-Member 


The locomotive boiler of average size contains about 1500 stay- 
bolts, the number varying from 1200 in the smaller sizes to 2000 or 
more in the heavier types. They vary in length from 4} in. to 103 
in. for the water-space bolts, which constitute about 75 per cent of 
the total number, to about 28 in. for the radial and crown bolts. 

2 Probably no part of the boiler is subject to more destructive 
conditions than these little staybolts. The most serious strains are 
those due to expansion and contraction of the inner sheet, which 
bend the bolts and cause them to break close to the outer sheet. 
This is especially true of the side or water-space stays, which are 
comparatively short and have very little flexibility. 

3 The material used is a high grade of refined iron, close-grained 
and tough. The pitch being very important on account of entering 
the second sheet, these stays were formerly cut to length from the 
bar, drilled for centers, and threaded on engine lathes. The center- 
drilling was not always concentric and considerable time was required 
to center the rough bolt so that a good thread could be obtained. 
This method proving too expensive, bolt cutters were used for the 
work, but the results were not entirely satisfactory. It was difficult 
to cut the threads full and smooth with one passage of the chasers and 
the second passage was taken at the sacrifice of pitch, as well as of 
time, because there was not enough material to remove to carry the 
chasers along properly. The introduction of the lead screw in bolt 
cutters brought about a very considerable improvement in pitch, 
but still there was trouble in getting the thread smooth for the reason 


THe AMERICAN Society oF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York, June, 1910. Ali papers are subject to revision. 


1 Mechanical Superintendent, American Locomotive Company. 
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that the chasers were not always as accurate as the lead screw, under 
which conditions the threads would be rough or torn. 

4 About thirty years ago the idea was conceived of concaving the 
bolts or reducing them in the center below the root of the thread, 
the object being to provide flexibility to compensate for the expan- 
sion between the inner and the outer sheets. Laboratory tests showed 
that a bolt reduced in the center would withstand about twice as 
many vibrations before breaking as one on which the threads were 
left straight for the full length. For many years it was the accepted 
practice to reduce a bolt in diameter on engine lathes after it was 
threaded in the bolt cutter and drilled for centers. 

5 In 1900, Alonzo Epright, an engineer in the employ of the 
Pennsylvania Railroad, designed machines which were fully auto- 
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Fic. SQUARE ENp WATER SPACE STAy (CONCAVI 


matic in that they made from the bar, threaded and concaved, all 
diameters of side stays up to ten or eleven inches in length. The 
author has no knowledge of the production of these machines and 
therefore can make no comparison of costs. 

6 The vertical type of machine for threading these bolts was 
used to some extent and it seemed that if the proper chaser could be 
made the best results would be obtained from this type of machine 
because the weight of the head would assist the chaser to give an 
accurate pitch. In the horizontal or bolt cutter type the chaser must 
carry along the vise and carriage to the detriment of accuracy in the 
lead. Also, the flow of oil would assist in washing away the chips, 
which were troublesome in the horizontal machine. Furthermore, 
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the vertical type of machine is more convenient to operate, one man 
attending six or eight spindles with ease. 

7 After a great deal of experimenting a die head was developed 
in which, with chasers properly ground, the limit of accuracy of 0.01 
in. in 8 in. can be maintained without the use of the lead screw, which 
is more nearly a perfect pitch than many staybolt taps in daily use. 
Where a proper lubricant is used a very fine, smooth thread can be 
obtained at a uniform cutting speed of 20 ft. per min. 

8 The turning or reducing tools are shown in Fig. 3, the cutting 
points being visible at the center, back of the chasers. To these tools 


lia. Diz Heap ror THREADING STAYBOLTS 


are attached the crossheads KK, which are actuated by profilers or 
formers passing through the spaces LL, over which the head is drawn 
by the chaser, the staybolt acting as a lead screw. 

9 The staybolt-threading machine is shown in Fig. 4. The several 
die heads are attached by small rods to straps passing over the pulleys 
on a shaft at the top of the machine. The operator grasps one of 
the strap handles with his right hand and, by the aid of the rotating 
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pulley over which the strap passes, raises the die head until it comes 
in contact with the bracket which closes the die. With his left hand 
he places the squared end of a staybolt in a holder underneath the 
die and allows the head to drop until the chasers begin to cut, when 
he moves to the next die head and repeats the operation. By the 
time he has placed all the heads in operation, the first bolt is finished, 
the die having dropped automatically when the threading was com- 
pleted. 


Fig. 4 SrayBout-THREADING AND RepucING MACHINE, WITH SPECIAL 
GRINDER FOR CurrinG TOoLs 


10 In Fig. 4, the die head at the right is shown raised sufficiently 
to insert the staybolt in place; the next at the left is just beginning 
to thread the bolt and the two other die heads are in still lower posi- 
tions. 

11 A comparison of costs by the two methods, taking a 7}-in. 
side stay as an average length, would be about as follows: 
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FORMER PRACTICE 


Threading-in bolt cutter, usually taking two cuts at 20 cents $0.40 
Drilling for centers ee 0.22 
Concaving or reducing on engine lathe.......... rere . 0.75 
PRESENT PRACTICE 
Present cost, threaded the entire length or threaded and concaved for 
all sizes and lengths, per hundred oo $0.13 


Using the average number of stays, a saving of labor cost of $18.60 
per boiler is obtained with a minimum of rejected stays. 


METHODS OF DRILLING STAYBOLTS 


12 The telltale holes which are drilled in the staybolts have been 
the cause of considerable expense and annoyance. Some railroads 
drill them after the stays are placed in the boiler, with pneumatic 
hand drills. Under these conditions thereis danger that the hole may 
not be central. It often happens that the drill runs through into the 
water space or is broken off in the hole. In either case it is necessary 
to remove the bolts and put in others. Sometimes the holes are 
drilled on a vertical drilling machine before being placed in the boiler. 
Even then the breakage of drills is very large, averaging about sixteen 
to the boiler, and each broken drill means a staybolt thrown away. 

13. An automatic machine has been devised for drilling these 
holes before the stay is placed in the boiler. They are fed from a 
hopper and automatically centered in position for the drill. When 
the hole is bored about one-third of the depth, the drill is withdrawn 
and the bolt is carried forward in the turret mechanism which holds 
it to a second and a third drill, completing the hole. Each drill is 
0.01 in. smaller than the preceding one, providing for a minimum of 
friction and a maximum of clearance for chips. The holes are of 
uniform depth and in the center of the bolt. The average breakage 
is about three or four drills to the boiler. 


COMPARISON OF COSTS 


Drilling in the boiler, per hundred (to which should be added the cost 

Drilling under drill press, per hundred (to which should be added cost 
of drills and waste of material and labor)..... ere ere 0 45 

Drilling in the automatic machine, per hundred (with the minimum 
number of broken drills and bolts destroyed).................. . 8 


$0.90 
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METHODS OF FINISHING STRAIGHT AND TAPERED BOLTS 


14 The usual method of finishing straight and tapered bolts for 
locomotives was to drill for centers, place in engine lathes, face under 
the head, turn the body taper, turn the part to be threaded straight 
and to proper size, face down the thread end to length and shape, 
leaving the center intact, test and file to accuracy, and cut off center 
point, after which the bolt is ready to be threaded in the bolt cutter 
and to have the hexagon head changed to any special shape desired. 

15 About 1889, S. M. Vauclain, Mem.Am.Soc.M.E., designed 
and used a turning head in connection with a vertical machine for 
bolts up to 12 in. long. Under rights obtained from him the Pennsyl- 
vania Railroad placed an equipment of this kind in its Altoona shops 
and that is the only railroad known to the author using other than 
engine lathe methods in finishing bolts. 

16 Asa great many straight and tapered bolts used in locomotives 
are 12 in. to 20 in. in length and even longer, it became necessary to 
design for this work a turning head which would handle taper bolts 
up to 18 or 20 in. in length and up to 1% in. diameter of thread, and 
straight bolts in any length up to 27 in. and up to 25 in. diameter. 
It may be quite possible to go beyond these dimensions should the spe- 
cifications require. These requirements have been met by a special 
machine of the vertical, multiple-spindle drill type, with which is used 
a special cutter head shown in Fig. 5. This head is the real or essen- 
tial means of producing these bolts, either straight or taper and cylin- 
drically true to the axis, the machine being simply a proper means of 
driving and feeding the bolt during the turning operation. 

17 The cutter head consists of a retaining shell of cast iron, the 
bore of which must be round and straight; six segments, three of which 
are rigidly fastened tothe shell, the other three having a limited amount 
of freedom and being fastened in place by a taper key with an adjust- 
ing screw located in the center of the radius with a bearing on the 
shell; and three blades, alternating with three guides, placed between 
the segments and backed up with taper keys and adjusting screws. 
The taper keys, in connection with a certain amount of taper on the 


blades and guides, have sufficient movement to provide for about one- 
eighth inch adjustment for re-grinding of the blades, or with the same 
amount on the guides, one-quarter inch in diameter of bolts. It will 
readily be seen that when an accurately ground plug gage of the size 
that it is desired to turn the bolt is placed centrally in the head, the 
blades and guides can be adjusted to their proper position. The three 
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loose segments are then forced forward by the taper key, clamping 
the blades and guides rigidly in their proper working position. 

18 The economical use of this method of turning bolts, particu- 
larly in the railroad shops and locomotive works where taper bolts 
are largely used, necessitates a change of system. The usual practice, 
especially on repair work, has been to carry in stock only standard 
sizes of forgings, though in some cases the more common sizes were 
placed in stock finished. With the engine lathe located near the loco- 


Fic. 5 Currer HeEAp AND ATTACHMENTS 


motive being repaired, the bolts were fitted to the hole after the least 
possible amount of reaming had been done that would clean up the 
hole. 

19 The improved system contemplates the turning, facing under 
the head, and placing in stock of standard sizes in lengths of 6, 9, 12, 
15, and 18 in. and varying in diameter under the head by thirty-see- 
onds of an inch. Stock may be kept in sixty-fourths of an inch if 
desired, but very few holes will be found which require less than thirty- 
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seconds of an inch to clean up. In fact, the chief reason for carrying 
the intermediate sizes would be to save the hole when it cannot be 
cleaned up within the next thirty-second. Standard reamers are used, 
with collars or marks to indicate when they have been driven to the 
required depth. All bolts have standard hexagon heads conforming 
to the thread diameter. 

20 Bolts are specified with relation to the length and the diameter 
under the head, and the stock size next longest is used. Under these 
conditions not more than 3 in. must be cut off to bring the bolt to the 
proper length. The stock bolts are then taken to the bolt-altering 
machine, which is a quick-acting hand machine equipped with collet 
chucks and split bushings for the various diameters of the bolts. The 
end may be cut off to the proper length and turned for cotter pins, 
and the head changed to counter sink, box head, button head, or what- 
ever may be required. After threading on the bolt cutter, the bolt is 
ready to drive in place without further fitting. 

21 A comparison of costs by the two methods, taking a 1 in. x 9 
in. bolt as an average would be about as follows: 


ENGINE LATHE PRACTICE 
Cost per hundred 


PRESENT PRACTICE 
Furning by the method described 0.45 
Cutting off and changing points and heads where necessary on the bolt- 


22 A device is now being perfected by which the threading can be 


done automatically at the same time the turning is done. This not 
only eliminates the bolt cutter charge of 30.22 per hundred, but 
assured a full, uniform thread absolutely in line with the body of the 
bolt and square with the facing under the head. When used in con- 
nection with a nut faced square with'its thread the most satisfactory 
bolt is obtained. 

23. A combined turning and threading device implies a modified 
form of the cutter head previously described, underneath which is 
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TABLE OF STOCK SIZES 


SHow1NG E1cut THREADED DiaMeTeERS OF BoLts AND Tarrty-T wo Drametrens UNpeER THE Heap 


Thread Diameter i l lk 
Diameters under head HHH tt 1 1d 1K 
6 6 6 6 6 6 6 6 6§ 6 6 6 6 6 6 6 
Length under head...... 9 9 9 9 9 9 9 9 9 9 
12 12) 12 12 12 12 
15 15 15 15 

Thread diameter 1} 1} 1} 1} 


Diameter under head lye 144 12 18814 18 1% 1k 18 


Length under head 6 6 6 6 


6 15 15 5 6 65 15 65 5 5 56 Bb Bb 
18 18 18 18 18 18 18 18 18 1g 18 18 18 18 18 18 


attached a die head of special construction. This die head is carried 
on four or more vertical rods or guides which are attached to a ring 
to which the cutter head is fastened. Provision is made for squaring 
the die head with the cutter head at the time it begins cutting the 
thread, and at the same time automatically placing the die head in a 
position where it is free to move in a vertical plane up or down in 
exact proportion to the difference between the feed and the pitch of 
the thread to be cut. An automatic knock-out is provided which 
opens the die head and passes to one side, allowing the threaded 
bolt to go through to any length within the feed of the machine. 
Under these conditions it will be seen that so long as the length of 
| the thread to be cut is the same, the length of bolt to be turned is 
immaterial. The device is very simple in its construction and does 
not call for a skilled mechanic to adjust or operate it. 
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TWO PROPOSED UNITS OF POWER 
By Pror. Wm. T. Co_umsts, O. 


Member of the Society 


James Watt is said to have defined a “‘ horsepower” as 33,000 foot- 
pounds of work per minute, and a “ boiler horsepower” as the evapor- 
ation of a cubic foot (62 lb.) of water per hour. His rule is sometimes 
put into the form that “one square foot of grate surface, one square 
yard of heating surface, a half of a square yard of water surface, and 
one cubic yard of contents, equals one horsepower, and will evaporate 
one cubic foot of water per hour in a waggon boiler.” 

2 Charles E. Emery, Charles T. Porter and Joseph Belknap, 
“Committee on Boiler Trials of the Judges of Group XX,” reported 
through Horatio Allen, Chairman of Group XX, to Prof. Francis A. 
Walker, Chief of Bureau of Awards of the United States Centennial 
Commission of the International Exhibition of 1876, that ‘the esti- 
mated Horse-Power of the several boilers’? was given ‘on the basis 
that the evaporation of thirty pounds of water is required per horse- 
power per hour, the results being derived from evaporation at steam 
pressure of 70 pounds from temperature of 100°.’ In the Report of 
the Committee of Judges of Group 20, p. 131, as published by J. B. 
Lippincott &.Co., Philadelphia, “the commercial horse-power of a 
boiler is fixed at 30 pounds of water evaporated at 70 pounds gage 
pressure from a temperature of 100 deg.’ It is to be noted that the 
time element is omitted. This is not an unusual mistake in speaking 
of rates, the time element being understood, or taken for granted. 
This definition is commonly modified so that the Centennial standard 
of horsepower or the “Centennial horsepower” is defined as the 


Tue AMERICAN Society OF Mecuanicat ENGINEERS, 29 West 39th Street, 
New York, June 1910. All papers are subject to revision. 


1 United States International Exhibition, 1876. Reports and Awards, vol. 
6, p. 426, sect. 35. 


2'Trans. Am. Soc. M. E., vol. 21, p. 84. Report of Committee on Revi- 
sion of Standard Code. 
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“evaporation of thirty pounds per hour of water at 100 deg. fahrenheit 
into dry steam at 70 pounds gage pressure, or the equivalent.”” This 
last phrase is very generally omitted. It is interesting to note that 
the committee called it the “commercial horsepower,’ and not a 
“boiler horsepower.” They also defined the “unit of evaporation” as 
one pound of water at 212 deg. fahr. evaporated into steam of the 
same temperature, and as being equivalent to 965.7 heat units. 

3 Inthe Appendix is given a summary of the reports of committees 
of the Society relating to horsepower units and of various discussions 
on the subject. From these it will be seen that while trying to keep to 
the Centennial standard of commercial (boiler) horsepower, the com- 
mittees have gradually veered to the thermal-unit standard, and from 
the standard of 30-lb. from 100 deg. fahr., into steam at 70-lb. gage 
pressure. 

4 Since 1876, the accuracy of our knowledge of the heat of steam 
has increased. This is especially true since 1899, the time of the 
last report to the Society. The ‘“‘confusion to practical boiler owners,” 
which Dr. Chas. E. Emery seemed* to fear might result from the 
practice of measuring the power of a steam boiler in heat units, does 
not seem to have materialized. 

5 The publication of the new eighth edition of Professor Peabody’s 
Tables of the Properties of Steam, and the publication of the Tables 
and Diagrams of the Thermal Properties of Saturated and Superheated 
Steam by Professors Marks and Davis, have complicated this mat- 
ter still more, and especially with engineering students. 

6 According to the steam tables of Charles T. Porter, and the 
various reports that have been referred to on this subject, the value 
of the “unit of evaporation” is 965.7 B.t.u. According to Peabody, 
its value has been gradually changing to 965.8, 966.3, and now to 969.7. 
According to Marks and Davis, its value should be 970.4. These 
differences amount to only 4.7 B.t.u. in 970.4, or to one in 205, which is 
one-half of one per cent. It would seem desirable to use 970 here- 
after, instead of 966, as the unit of evaporation, this being the average 
of the most accurate determinations of the latent heat of evaporation 
of water at 212 deg. fahr. 

7 Similarly, the “unit of commercial evaporation” has been 
changing from 1110.2 B.t.u. in 1876 and 1884, to 1115.0 according to 
Peabody, and to 1115.6 B.t.u. according to Marks and Davis today. 


’ Trans. Am. Soc. M. E., vol. 6, p. 334. Report of Committee on Revision of 
Standard Code. 
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8 When measured in thermal units, the value of the boiler horse- 
power, 344 units of evaporation, is given as 33,305 B.t.u. by the 
Centennial judges and by the committee reporting to the Society in 
1884; as 33,317 B.t.u. in the report of the committee as made in 1899; 
as 33,320 B.t.u. in one text book on steam-boilers; as 33,454.7 B.t.u. 
(344 x 969.7) by Peabody; and as 33,478.8 B.t.u. (845 x 970.4) by 
Marks and Davis. 


rABLE 1 DIFFERENT VALUES OF A BOILER HORSEPOWER IN B. T. U 


Units or Evarora- or COMMERCIAI 
TION EVAPORAIION 
B.T.1 
One 44 One 30 
Centennial 965.7 33,317 1110.2 33,306 33,305 
Peabody 969.7 $3,455 1115.0 33,450 
Marks and Davis 970.4 33,479 1115.6 33,468 


9 It must be evident to everyone that a would-be standard which 
has so many different thermal values and is capable of acquiring others 
with each change in the steam tables is not only indefinite but con- 
fusing. It is not a definite unit of measurement, which all standards 
should be. It seems a pity that in the definition of such a commonly 
used engineering term there should be any possible chance for confu- 
sion and misunderstanding on the part of the student, or for litigation 
between contractors over the accuracy of the fulfillment of the terms 
of the contract. 

10 Again, for over thirty years, engineers and engineering teachers 
have been apologizing for the use of the term ‘boiler horsepower.” 
Even the committee of the Society which reported in 1884, says,‘ 
“It cannot properly be said that we have any natural unit of power 
for rating steam boilers.” If a horsepower is the rate of doing work, 
and a boiler is considered as a machine, and the water as the moving 
parts, the only mechanical power that a boiler produces is that due to 
the external latent heat of evaporation, except when it explodes. 
Hence the term “boiler horsepower” isa misnomer. The object of the 
use of a boiler is the absorption of the heat energy obtained from the 
potential energy of the fuel by combustion, and the transfer to and 


4Trans. Am. Soc. M. E., vol. 6, p. 263. Report of Committee on Revision 
of Standard Code. 
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storage of the same by a volatile liquid for convenient use in a heat 
engine, or for other thermal purposes. Hence as a boiler uses the 
latent heat energy of the fuel as its source of supply, and develops and 
delivers available heat energy, there would seem to be every reason 
why the power or ability of a boiler to deliver energy should be meas- 
ured in thermal units, as being the only unit of energy that the boiler 
ever normally receives or delivers. Furthermore, the energy from 
every boiler is always measured in heat units before being reduced to 
boiler horsepower. 

11 To measure the capacity or power of a boiler plant, or its out- 
put of energy, in millions of thermal units would not be practical; a 
smaller unit is desirable. It is therefore proposed to measure the pow- 
er or capacity of a boiler in “boiler-powers,” and to define a boiler- 
power as 33,000 B.t.u. of heat energy delivered per hour by a steam- 
boiler, steam main, or by a hot-water heating main, or the ‘ike, or 
added per hour to the feed-water of a boiler, or to the water of a hot 
water heating system. The acceptance of this term will, it is thought, 
simplify the whole subject; the unit will remain constant, will be easily 
remembered and easily used, and will not be one of three standards, 
differing slightly among themselves, as is at present the case with the 
term boiler horsepower. Its analogy to mechanical horsepower will 
be helpful rather than the opposite, especially to the beginner in 
engineering knowledge. The unit boiler horsepower may still be re- 
tained by those who may prefer to use it in some one of its many 
thermal values. 

12 The rapid introduction of gas engines using blast furnace, coke 
oven, or producer gas, leads to the suggestion of a new unit for the 
capacity or power of a gas producer, coke oven, or blast furnace, to 
deliver available heat energy for use in gas engines, under stoves and 
boilers, or for other thermal uses. 

13 At the St. Louis meeting of the American Association for the 
Advancement of Science in December 1903, the writer read a paper 
suggesting the term “ producer horsepower” as a unit. Since then the 
question has arisen as to why the old misnomer of “horsepower” 
should be perpetuated as a unit of measurement of heat energy. Why 
not simplify and shorten the term “producer horsepower” to “* pro- 
ducer power?” If such a unit is desirable for the measurement of 
the capacity or power of a gas producer, why not suggest similar ones 
for other generators of heat energy available for use.in gas engines 
and for other thermal uses? Instead of measuring the power of agas 
producer in producer powers, and the powers of a blast furnace and 
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of a coke'‘oven to generate heat energy in’ blast-furnace powers and 
coke-oven powers, it is proposed to include all such sources of power, 
and to measure the heat energies of gaseous and liquid fuels, in ‘ gas 
powers,”’ and to define a gas-power to be 10,000 B.t.u. of heat energy 
delivered per hour by a gaseous or liquid fuel. The calorific value 
should be measured from and to 62 deg. fahr., and at 30 in. of mereury. 
This unit can be applied and used in the measurement of the energy 
delivered by a gas well, a gas main, a gas producer, a blast furnace, a 
coke oven, an oil well, or a pipe line. 

14. The number, 10,000 B.t.u., has been chosen as the average in 
the best gas-engine practice today of heat energy required to develop 
a horsepower of mechanical energy. The figure bears to current gas- 
engine practice about the same relation that 30 lb. per hr. of steam at 
70 lb. gage pressure from water at 100 deg. fahr. did to current steam- 
engine practice in 1876. The definition as given contemplates using 
only the higher calorific value of the fuel, rather than the lower or, 
so-called, effective value. 

15 It is to be hoped that some such unit for the measurement of 
the output of a generator of heat energy in gaseous or liquid form 
can be found, and adopted by common consent, before practice and 
commercial custom in different portions of the country shall have 
learned to use units which have been less carefully selected and less 
accurately defined. 
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APPENDIX 


In a paper presented before the Society by Wm. Kent,'! at the Pittsburg 
Meeting in May 1884, he tabulates the “‘horsepower developed at 30 lb. of 
water evaporated per hour from and at 212°. (Page 268).’’ In a footnote we 
read, ‘‘The customary method of rating horsepower is 30 lb. of water per horse- 
power per hour from a feedwater temperature of 212° into steam at 70 Ibs. 
pressure above the atmosphere, which is equal to 30.985 lbs. from feed at 212° 
into steam of the same temperature. The writer prefers the calculations both 
of economy and horsepower to be made on the basis of evaporation from and 
at 212°, for the sake both of uniformity and of convenience in calculation.” 

2 In a paper presented before the Society by Dr. Chas. E. Emery at the 
same meeting,’ he defines the Centennial horsepower (C.H.P.), as being ‘‘thirty 
Kals per hour:’” and a ‘‘Kal’’ as being ‘‘one pound of water evaporated into 
saturated steam at seventy pounds pressure from temp. of 100°, with a thermal 
value of 1110.2 thermal units (Page 282).’”’ This would make a Centennial 
horsepower equivalent to 33,306 B.t.u. In discussing this paper, Mr. Kent 


argued that ‘‘in determining the horsepower in a steam boiler . . we 
should start with the British thermal unit as a basis The unit of 


evaporation should be 965.7 thermal units. It is the evaporation of one pound 
of water from and at 212 degrees. A horsepower should be a definite number 
of units of evaporation—say 30 (Page 297).’’ He was followed by Dr. E. D. 
Leavitt, Jr., who thought that “the simplest proposition was to come down 
to thermal units.’”’ Dr. Emery assented that any unit proposed must be based 
on the “heat unit.’’ In the Centennial Report, this amount of heat energy 
(1110.2 B.t.u.) was termed the ‘unit of commercial evaporation (Page 300).”’ 

3 In the Report of the Committee on a Standard Method of Steam-Boiler 
Trials made at the New York Meeting of the Society in November 1884,’ the 
Centennial unit of boiler-power is stated as ‘30 pounds of water evaporated 
into dry steam per hour from feed-water at 100° Fahrenheit, and under a 
pressure of seventy pounds per square inch above the atmosphere.’ ‘The 
quantity of heat demanded to evaporate a pound of water under these con- 
ditions is 1110.2 British thermal units, or 1.1496 units of evaporation. The 
unit of power proposed is thus equivalent to 33,305 heat-units per hour, or 
34.488 units of evaporation.’’ Another standard unit for the power of a boiler 
which was suggested to the Committee in 1884 was ‘‘the evaporation of thirty 
pounds of feed-water into dry steam from and at the boiling point at mean 
atmospheric pressure (212°F.) (Page 265).’’ This would have then been taken 
as the equivalent of 30 x 965.7 = 28,971 B.t.u. per hr. It was not accepted. 


1 Trans. Am. Soc. M. E., vol. 5, p. 260. Rules for Conducting Boiler Test 
? Trans, Am. Soc. M. E., vol. 5, p. 282. Estimates for Steam Users. 
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4 This Committee recommended in 1884 the adoption of the Centennial 

Standard and that, for standard trials of steam boilers, the “commercial 
horsepower be taken as an evaporation of 30 pounds of water per hour from a 
feed-water temperature of 100° Fahr. into steam at 70 pounds gauge pressure, 
which shall be considered to be equal to 343 units of evaporation; that is, to 
343 pounds of water evaporated from a feed-water temperature of 212° Fahr. 
into steam at the same temperature. This standard is equal to 33,305 thermal 
units per hour (Page 266).’’ A footnote gives the “evaporation of 344 pounds 
from and at 212°F., as being equal to 30.010 pounds from 100°F.. into steam at 70 
pounds pressure,”’ and ‘‘the ‘unit of evaporation’ as being 965.7 thermal units,”’ 
according to the tables in Porter’s Treatise on the Richards Steam I-ngine 
Indicator, which was the standard of that day. 
5 Dr. Chas. E. Emery stated* that the “commercial horsepower of 344 
units of evaporation per hour is, for all practical purposes, equal to 33,333 
thermal units per hour making it convenient to obtain the horsepower by multi- 
plying the total number of thermal units derived from the fuel per hour by 
0.00003 (Page 304).” 

6 Prof. J. B. Webb in speaking about the definition of a “commercial horse- 
power” said ‘‘To my mind it would besimpler and better toexpress results in 
thermal units per hour, and at all events not to express them in horse powers 
which are very far from being horsepowers (Page 322).’’ Nothing came of 
his suggestion. 

7 During this discussion, Wm. Kent introduced and used the term 
‘boiler horsepower’’ rather than ‘‘commercial horsepower,’’ and quoting the 
definitions of commercial horsepower as recommended by the committee, added, 
This standard is certainly not open to the charge of want of exact- 
ness and precision (Page 324).”’ 

8 The Committee in its report said that it had ‘concluded to recommend 
thirty pounds as the unit of boiler-power (Page 264)”. 

9 Dr. Charles E. Emery stated that “it was informally suggested to make 
the standard exactly 33,000 British Thermal Units per hour, so that it would 
be numerically the same as the number of foot-pounds per minute constituting 
an actual horsepower, and again 33,333 B.t.u. were suggested to facilitate 
the calculations, but the general feeling of the committee was against any 
change whatever (Page 333).” He adds, and seems to prefer the statement 
that ‘‘ The value of the unit of horsepower announced is 33.305 British Thermal 
Units per hour, which being stated in the Report definitely fixes the standard. 
It also equals 34} units of evaporation, within one-thirtieth of one per cent.” 

10 Prof. W. P. Trowbridge, in discussing the report, called attention to the 
diversity of opinion in the committee as to whether the “unit of boiler-power’’ 
should be expressed in terms of the “unit of evaporation,’’ orin some other 
terms. 

11 Prof. W. P. Trowbridge and Prof. C. B. Richards presented a paper at 
the Boston meeting in 1885 on The Rating of Steam Boilers by Horse-Powers 
for Commercial Purposes,‘ in which they differ from the committee which had 
reported the preceding year, but quote its report with the statement “What is 


3 Trans. Am. Soc. M. E., vol. 6, p. 256. 
‘Trans. Am. Soc. M. E., vol. 7, p. 214. 
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needed is a standard unit of boiler power which may be used commercially in 
rating boilers, and in specifications presenting the power to be demanded by 
the purchaser and guaranteed by the vender (Page 216).”’ 

12 George H. Babcock in discussing this subject said, ‘‘A dynamic horse- 
power in its simplest form is 33,000 foot-pounds per minute. A boiler horse- 
power should be defined as 33,000 heat units per hour imparted to the water 
(Page 225).”” Mr. Kent stated, ‘‘The term horsepower has two meanings in 
engineering literature: First, an absolute unit or measure of the rate of work, 

and an approximate measure of the size, capacity, value, or ‘“‘rat- 
of a boiler engine, water-wheel or other source or conveyor of energy, 
by which measure it may be described, bought and sold, ete. (Page 226).”’ 

13 In the Report of the Committee on the Revision of the Standard Code 
for Conducting Steam-Boiler Trials, made in 1899,*it is stated (Page 36) that 
“The Committee approves the conclusions of the 1885 Code to the effect that 
the standard ‘unit of evaporation’ should be one pound of water at 212 degrees 
‘ahr. evaporated into dry steam of the same temperature. This unit is equiva- 
lent to 965.7 British thermal units. The Committee recommends that, as far 


ing,’’ 


as possible, the capacity of a boiler be expressed in terms of the ‘number of 
pounds of water evaporated per hour from and at 212 degrees.’ It does not 
seem expedient, however, to abandon the widely recognized measure of capacity 
of stationary or land boilers expressed in terms of ‘boiler horsepower. The 
present committee accepts the same standard, but reverses the order of the 
two clauses in the statement, and slightly modifies them to read as follows: 
‘The unit of commercial horsepower developed by a boiler shall be taken as 
343 units of evaporation per hour; that is, 344 pounds of water evaporated per 
hour from a feed-water temperature of 212 degrees Fahr. into dry steam of the 
same temperature. This standard is equivalent to 33,317 British thermal units 
per hour. It is also practically equivalent to an evaporation of 30 pounds of 
water from a feed-water temperature of 100 degrees Fahr. into steam at 70 
pounds gauge pressure.’”’ In a footnote is added the statement that ‘‘ The unit 
of evaporation being equivalent to 965.7 thermal units, the commercial horse- 
power = 34.5 x 965.7 = 33,317 thermal units (Page 37).”’ 


* Trans. Am. Soc. M. E., vol. 21, p. 34. 
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GAS ENGINES FOR DRIVING ALTERNATING- 
CURRENT GENERATORS 
H. G. Reist, ScHenectapy, N. Y. 


Member of the Society 


The problem of driving an alternating-current generator by means 
of a gas engine is not inherently different from that of driving it from 
a steam engine. If the shaft of the engine turned with a uniform 
motion, no difficulty would be experienced and no special design 
would be necessary. It isthe variationsin angular velocity and speed 
that affect the driving of alternators. 

2 If the current of a single generator is used for lights or for heat- 
ing, as in electric furnaces or in electrolytic work, variations in ve- 
locity either during a single turn ordue tothe hunting of the governor 
will simply inerease and decrease the load as the speed varies. If 
induction motors are driven from a single generator, it is only under 
peculiar circumstances that any trouble is experienced due to speed 
variations in the engine, because this type of motor is asynchronous 
and does not have to follow exactly; it is as if it were belted to the 
engine, the connection being slightly flexible. 

3 A synchronous motor or rotary converter, on the other hand, 
must keep in phase and behave as though geared to the engine, and 
must respond to all its speed variations. If it does not keep abso- 
lutely even, that is, if its phase relations change, cross currents will 
flow. When two or more generators are operated in parallel, their 
behavior is similar, any angular departure of one from the other 
causing a cross-current. The volume of the cross-current depends, 
with any given design of generator, on the angular departure of the 
generators from each other. This departure may be twice the angu- 
lar variation of the engine rotating parts from a mean position, be- 
cause one may be a maximum distance ahead while the other is in 
the most backward position. 


Tne American Society or Mecuanicat Enaineers, 29 West 39th Street, 
New York, June 1910. All papers are subject to revision. 
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4 If the generators were mounted on the shaft so that the rela- 
tions of the poles to the cranks were identical, and if it were possible 
so to synchronize them that the corresponding cranks of engines to 
be run together were exactly together, no cross-currents would flow, 
because the engines would slow down and speed up together. This 
is not feasible, however, and it becomes necessary to design the en- 
gine to run with a fairly uniform rotation. It has been found good 
practice to limit the variation from a mean position of the revolving 
parts of the electric generator to 1} electrical degrees. 

5 An electrical degree is 1-360 part of the space occupied by two 
poles on a generator; that is, a two-pole generator is the unit and an 
electrical degree is one mechanical degree of such a machine; if the 
generator has four-poles, an electrical degree will be one-half a mechan- 
ical degree of the circle on which the poles are mounted; if there are 
6 poles, it will be one-third of a mechanical degree. In general, to 
reduce electrical degrees to mechanical degrees, we must divide the 
allowable variation by one-half the total number of poles on the gen- 
erator; so that the 1} electrical degrees mentioned above for a twenty- 
pole machine would be 0.125 actual degrees on the circumference of 
the flywheel. From this it is evident that with a generator of many 
poles, a more even speed is needed than for one with few poles. For 
a 60-cycle generator, which at a given engine speed has 55 as many 
poles as a 25-cycle generator, the evenness of running must be much 
greater than for a 25-eycle generator. 

6 The cross-currents between two electrical generators tend to 
speed up the lagging machine, bringing them more closely into syn- 
chronism. If there were no inertia the rotating parts of generator 
and flywheel would quickly get into synchronism, reducing and almost 
eliminating the cross-currents. This is, however, an ideal condition. 
The cross-currents are a factor of the amount of inertia with a given 
natural angular variation, and it will readily be seen that from this 
standpoint the larger the flywheel the less effect a given value of cur- 
rents or torque will have on the mass. If the flywheel is very large, 
the currents which it may be practical to allow to flow between the 
machines may not be able to draw them together at all. Hence a 
large flywheel, while useful in obtaining uniform rotation, so far as 
the engine is concerned, prevents the current flowing between the 
machines from being very effective in drawing them into synclron- 
ism. This shows that it is desirable to obtain uniform rotation in 
other ways than by the use of an excessively, heavy flywheel. Cur- 
rents flowing between machines occasion losses in the copper and this 
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adds to the heating of the machine. They thus reduce the output 
with a given rise of temperature and reduce the efficiency. 

7 Certain elements of design may be introduced into anelectrical 
generator to make it less sensitive to slight variations in turning 
moment supplied by the engine, such as building a generator of poor 
regulation. The regulation must not be too poor, however; other- 
wise the operation of the system will be unsatisfactory. A “squirrel- 
cage’’ winding in the poles of the generator allows secondary currents 
to flow in this part of the structure and increase the torque, tending 
to draw the generators together with a given interchange of current 
between the two machines. This is of great assistance in parallel 
operation of generators and should generally be applied on generators 
to be driven by gas engines. If a flexible connection could be pro- 
vided between engine and generator it would greatly assist in satis- 
factory parallel operation, but this connection is generally applicable 
only on small machines. The ultimate solution lies in the direction 
of greater uniformity of motion in the engine itself. 

8 Uniformity of rotation of gas engines is dependent on a number 
of elements of design, such as (a) the number of impulses per revo- 
lution, which in turn is dependent on the number of cylinders and 
arrangement of cranks and on whether a two or a four-cycle system is 
used; (b) the compression and weight of the reciprocating parts; (c) 
the time of ignition; (d) the weight of the flywheel. The use of a 
heavy flywheel, however, while one of the simplest, is the least de- 
sirable method of obtaining even rotation of the engine shaft, and 
other means should be used to obtain as uniform rotation as possible. 

9 The following seem to be the desirable characteristics of gas 
engines for driving alternators: 

a High speed. This will require fewer poles with a given fre- 
quency and a greater angular variation will be allowable. 

b A light flywheel. This will allow the current to keep the 
generators together with a minimum disturbance. 

c Large engines should be built with many cylinders and 
cranks so placed as to contribute to an even turning 
moment. 
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CRITICAL SPEED CALCULATION 


By S. H. Weaver,! Scnuenecrapy, N. Y. 


Non-Member 


Critical speed is the term applied to the speed of a rotating body at 
which occur the maximum vibrations of the revolving mass or sup- 
porting structure. The vibrations are smaller for speeds both above 
and below the critical value. Hence the importance, to the designer 
of high rotative speed apparatus, of predetermining these maximum 
vibrating points. The high speeds and large capacities now being 
used in electrical machinery, such as turbo-generators, frequency 
changers, ete., bring this apparatus within the critical-speed range; 
and the electrical designer must study the vibrating properties of 
his high speed machines, or leave this operating trouble to chance. 

2 The phenomenon of critical speed was known to De Laval, who 
designed his turbines with a small or “flexible” shaft, so that the 
running speed was seven to ten times the critical value. Sofaras 
is known he did not understand the mathematical theory. 

3 The first scientific explanation of critical speed is due to Rankine 
who in Machinery and Millwork gave the mathematical explanation 
for a shaft with its own weight only, when supported at each end, 
and also for fixed direction at one end as a cantilever. This was 
followed by Professor Greenhill? with an explanation for an unloaded 
shaft with fixed direction at each end. Professor Reynolds* then 
extended the mathematical treatment to shafts loaded with pulleys, 
and Professor Dunkerley* proved the formule by laboratory experi- 
ments and developed an approximate formula for shafts with more 
than one load. Reynolds and Dunkerley do not satisfactorily treat 


1 General Electric Company, Schenectady, N. Y. 

2 Proceedings Institution of Mechanical Engineers, April 1883. 

? Philosophical Transactions, Royal Society, London, vol. 185a, 1895; Pro- 
ceedings, Liverpool Engineering Society, 1895. 


Tue AMERICAN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 


— 
| 
an 
on 
#. 
~ 
4 
3 
: 
| BY 


1060 CRITICAL SPEED CALCULATIONS 


the case of two loads on the shaft and their method was criticised by 
Dr. Chree. 

4 F6ppl' in Germany gave the case for a single concentrated load 
of the shaft. Stodola? in 1903 first gave the formula for any two 
concentrated loads on a shaft. Professor Morley*® has lately given 
approximate formule for combined distributed and concentrated 
loads. 

5 These constitute practically all of the literature on the subject. 
They are mainly mathematical demonstrations and do not leave the 
subject in convenient form for the use of the designing engineer. 
This paper will give a mathematical treatment for both the distributed 
and the concentrated loads, by considering the motion of the shaft 
as vibratory along two axes, study the vibrations for all speeds, 
reduce the formule to practical form, and present them in tables for 
convenient use. 


NATURE OF CRITICAL SPEED 


6 To explain more easily the nature of critical speed we will first 
give the simple solution of Féppl for a single load. All critical-speed 
calculations assume an unbalanced load. It is practically impossible 
to balance a rotating mass so that its center of gravity exactly coin- 
cides with the mechanical axis of rotation. As the mass starts to 
rotate, the center of gravity will rotate in a very small radius around 
the shaft center. The rotation of the center of gravity at this small 
radius prodtices a centrifugal force which acts radially outward from 
the shaft center through the center of gravity, and rotates around 
the shaft with the center of gravity. Consider the case shown in 
Fig. 1, of a single concentrated load on a vertical shaft. Let a be 
the unknown distance from the center of gravity of the mass to the 
center of the shaft. The centrifugal force of this mass m, rotating 
at the radius a, will tend to deflect the shaft in the direction of a, so 
that the shaft will rotate in a bowed condition. The bowed shape 
will in itself increase the circle in which the center of gravity rotates; 
this increases the centrifugal force, and in turn the shaft deflection. 
This action continues until finally a state of equilibrium is reached 
where the force of the shaft deflection is equal and opposite to the 
centrifugal force of the mass. This condition of equilibrium is shown 

' Civil-Ingenieur, 1895, p. 333. 


? The Steam Turbine, Stodola, p. 183. 
5’ Engineering (London), 1909, vol. 88, p. 135. 
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in Fig. 2, where the center of gravity is rotating at the radius r, and 
the shaft rotating in a bowed condition at the radius or deflection 


(r-a). Let 4 EI static deflection of shaft, if horizontal, and 


a2 


p (angular velocity) = 60x where N = r.p.m. The centrifugal 

foree of the center of gravity is mrp*. This centrifugal foree would 
_4 

produce a deflection of m gEI where 


gis gravity. But the shaft deflection opposing the centrifugal force 
is, for equilibrium (r-a). This gives the equation 


24 
r—-a=r? 
g 


Fic. 1 Concentrated Loap- Fig. 2 Concentratep Loap 
ON VERTICAL SHAFT AT REST ON VERTICAL SHAFT IN MOTION 


which solved for r gives 
ga 
4 


9 _ 


7 Thisequation, with values ofr plotted against p, isshown in dotted 
lines in Fig. 3. As the angular speed p increases from zero, the radius 
or deflection r increases, until r becomes theoretically infinite when 


q 


y= 
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This is the condition of maximum vibration produced by the shaft, 
and the critical number of revolutions is found from the equation 


60 4 
(2) 
V 4 


for inch, pound, minute, units. 
8 Referring to the curve beyond the critical-speed value, r be- 
comes negative, and as the value of p is increased r approaches the 


+ 


+ 
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limit of zero; in other words, above the critical speed the center of 

gravity revolves inside the bow of the shaft, or in a smaller circle 

than the shaft center; and the tendency of the rotating mass is to ro- 

tate about its own center of gravity, and not about the mechanical 

center. It approaches its center of gravity as a limit for infinite speed. 
9 The natural time of vibration of a loaded shaft is 
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and the number of natural vibrati :s per minute is 


60 60 
t ev 2 


which is the same as N in Equation 2, the critical number of revolu- 
tions. Thus for a single concentrated load the critical-speed phenom- 
ena occur when the revolutions synchronize with tl. natural period of 
vibration of the shaft. No satisfactory explanation has been given of 
the detail action at the critical speed, or of the manner in which the 
center of gravity passes from the outside to the inside of the bow of 
the shaft. Theoretically the deflection or bow of the shaft becomes 
infinite at the critical speed. Practically it does not, because of the 
resistance of the air and probably the need of the factor of time to 
accumulate energy. 


hic. CONCENTRATED LOAD ON HorizonTAL SHAFT! 


10 In machines where the normal running speed is higher than 
the critical speed, the shaft is made just strong enough to withstand 
the deflection in passing through the critical speed, and as weak or 
flexible as possible for the smooth running above the critical speed. 
The weaker the shaft, the lower the critical speed, the nearer approach 
to rotation about the center of gravity, and the less bow or deflection 
in the shaft. 

11 This solution is satisfactory so far as the critical value and de- 
flection of the rotating mass is concerned; and it affords a simple ex- 
planation of the actions of a rotating body. But in the design of a 
machine the vibrations of the frame or supporting structure are of 
equal or greater importance. The shaft rotating in its bowed condi- 
tion has a reaction on the bearing points, the reaction rotating with 
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the shaft. This force is the impressed vibration that causes the frame 
to vibrate. If we determine the shaft deflection during rotation, or the 
location of the shaft axis at any instant, we can find the amount of 
the force of the shaft, or the impressed vibration on the frame. 

12. When coérdinate axes, as shown in perspective in Fig. 4, are 
taken, and the location and motion of the shaft center at any instant 
are determined, the force impressed upon the frame is measured by 
the codrdinates of the shaft center. If we sum the forces along each 
axis, the solution gives us a form of compound harmonic vibration. 
This same method affords a comparatively easy algebraic solution for 
two loads; and is applied equally well to horizontal and vertical shafts 


SINGLE CONCENTRATED LOADS 
13 For the condition shown in perspective in Fig. 4, 4 is the static 


deflection at the disc load when the shaft is horizontal,and a the dis- 
tance from the shaft center to the center of gravity. To simplify the 


ly Shaft Center 
R= Center of Gravity 
p= Angular Velocity 
S 
4 
4 


r@) 


Fic. 5 COoNncentTRATED LOAD ON HortzonTAL SHAFT (Fia. 4) 


calculations consider the shaft in a vertical position. It will be later 
shown that the same formule apply to horizontal shafts. Pass the 
YZ plane (Fig. 5) through the dise perpendicular to the shaft. When 
at rest the center of the vertical shaft is at the origin O. When in 
motion, at a given time the shaft center is at.S, with the codrdinates 
(yz); and the center of gravity is at R,a constant distance a from S. 
Due to the turning of the shaft, the point R revolves around S with 
the angular velocity p, so that the angle turned through is pt. 

14 The force acting on the point S is the spring of the shaft to- 


W W 
wards the zero position, This is y OS where y is the force of the 


| 
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shaft per unit of deflection. Since the force from S acts towards the 
origin, for equilibrium of moments about O the centrifugal force of 
the disc at R must actin alinethrough the origin. Also for equilibrium 
of the two forces they must act in line with eachZother, be equal in 
value and be opposed in direction. {Then for R to turn about S with 
the angular velocity p, R must revolve about the origin with the same 
angular velocity, and in a circle with center at O. 

15 The centrifugal force acting at R is mp? OR. The component 
parallel to the Y-axis is mp? (y+ asin pt); and to the Z axis is 


— 
m p?(2+a cos pt). The spring of the shaft acting at S is J OS, witha 


Ww 
component parallel to the Y-axis of — 40 and to the Z-axis, 
W ry . . . 
~ 4% rhe sum of these forces along the Y-axis is 
W 
mp* (y + a sin pt) — rt be O 
and for the Z-axis 
W 


mp? (2 + a cos pt) — 32°90 


Dividing by m and solving for y and z these equations give 


ap? 
2 
4 
2 
g 
4 


INTERPRETATION OF EQUATIONS 


16 Equations 2 and 4 determine the motion or path of the shaft 
center. Taken together they are the equations of a circle with center 
at the origin. Taken separately, the equations are of the form of sim- 
ple harmonic motion, with a forced vibration of a sin ptalong the Y- 
2z 
60 
vibration. The coefficients of the sine and cosine are the amplitude 
of the vibration along each axis. These are plotted in full lines in 


axis, and a cos pt along the Z-axis. p = times the frequency of 
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Fig. 3. The amplitude of vibration, being the same for both axes, 
contains only the independent variable p. The amplitude will increase 
as the speed or p increases, until the vibration becomes infinite when 

4 — P= 2er0. rhis is the same critical-speed condition as in the 
previous solution, Equation 2. Beyond the infinite value the coeffi- 
cients become negative and decrease, becoming smaller the higher the 
speed. 

17. This can have the physical interpretation that before the criti- 
cal speed is reached the center of gravity revolves outside of, or in a 
larger circle than, the mechanical center of the shaft. Beyond the 
critical-speed point, the center of gravity rotates inside of, or in a 
smaller circle than, the shaft center. 

18 As previously shown, the critical speed occurs when the rota- 
tion synchronizes with the natural period of vibration of the loaded 
shaft. It may be seen from the curve that when the frequency of the 


forced vibration , _ p is nearly equal to the frequency of the natural] 


vibration - \ j we have a similar state of things to that which 


gives rise to resonance in acoustic instruments and electrical circuits. 

19 The natural period of vibration and the forced vibration are 
the same for either a vertical or a horizontal position of the shaft, so 
that the same critical-speed formule apply for either position. When 
vertical, the center of the vibration or of the rotation is at y = 0, 
2 = 0; when horizontal, the center of the vibration along each axis is 


aty = —4,z=0. The horizontal position is equivalent to a change 
of codrdinate axes from y = 0 to y = — J, so that Equation 3 be- 
comes 
y= “P sin (3a) 


20 Vibration is caused by an unbalance of the body, or by the 
center of gravity not coinciding with the mechanical center of the 
shaft. The centrifugal force of the unbalance causes an accelerating 
force along each axis, or a forced vibration of a amplitude. This 
forced vibration causes the shaft to vitrate along each axis with the 

ap* 
amplitude of . . This shaft vibration is in turn the vibration 
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that is forced on the frame or supporting structure and causes it to 
vibrate. This latter value is therefore the vibration to be consid- 
ered in the design of machines. Comparing the two curves of Fig. 
3 it will be noted that at zero speed the vibration in Equation 1 is a; 
in Equation 4 it is zero. Beyond the critical speed, Equation 1 
approaches zero; Equation 4 approaches a. This difference is due to 
Kquation 1 considering the motion of the center of gravity, and 
quation 4 the motion of the shaft center. Equation 4 is the vibra- 
tion impressed on the frame and therefore the value to be considered. 


TWO CONCENTRATED LOADS 


21 Equations covering any two concentrated loads, with either 
two or three bearing supports, may be developed by the same method 
as in the previous case. Take the condition shown in Fig. 6, with two 
dises for concentrated loads and three bearing points. To distinguish 


Fic. 6 Two ConcentTRATED LOADS ON HoriIzonTAL SHAFT 


symbols, let the Y Z plane passing through dise I be represented by 
sub-letters 1, and the plane through dise II by sub-letters 2. To 
determine the influence one disc has upon the other the equations 
F, = Ki + Ks yeand F, = Ke y. + Kz y, are taken, where y; 
and y2 are any positions of the shaft deflections on the Y-axis, and 
F, and F: are the shaft forces due to the deflections which act toward 
the unloaded or zero position. Ay, Ke and Kg are constants for a 
given shaft and can be deduced from the deflection equations of 
beams for different loads and supports. Assume the coérdinates of 
the shaft center in any position y;, 21, in the plane through disc I and 
V2, 22 in the plane through disc Il. Take the distances from the cen- 
ters of gravity to the shaft centers to be a; and a2 and their direc- 
tions to differ by + deg. on the Y Z plane. The forces acting on 
the dises when the shaft is vertical are: 
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First, centrifugal force: 


Plane I, Y-axis, m p® (yi + a sin pt); 
Z-axis, p* (2, +4, cos pt). 

Plane IJ, Y-axis, me p*? [ye + a2 sin (pt + «)]; 
Z-axis, M2 p* + dz cos (pt + 


Second, reaction or spring of the shaft: 
Plane I, Y-axis, Ki y; + Kg yo; Z-axis, Ky 2; + Kg ze. 
Plane II, Y-axis, Ke ye + Ks y1; Z-axis, Ke z + Kg a. 


The summation of these forces along the axes gives the following 
equations: 

(yi + aisin pt) —Kiy, — Kg y2 = O. 

m, (21 + ai cos pt) — Ky, 2, —Kg = VU. 

me p* lye + desin (pt + —Keye—Kays = O. 

me p? [ze + a2 cos (pt + «)] —~Kez —K32, = O. 


The solution of these equations gives: 


= Asin pt —B cos pl [5] 
2, = Bsin pi +A cos pl.... ; Oe, 
ye = C sin pt + D cos pl........ ert | 
ze = —D sin pt + C cos pt......... 
where 
(Ke — me p*) m, ay p? — Kg meade p*® cos a 


(Ki — m, p*) (Ke — m, — K# 


Kg me dz p® sin a 


B= 
— mp?) (Ke — me p*) — 
C= (Ky — m, p*®) me dz p® cos @ — Kz m, ay p” 
(Ky —m p*) (Ke p?) 
(Ky — m, p*) me sin a 
D = 


(Ky — m, p*) (Ke — p*) — 


INTERPRETATION OF EQUATIONS 


22 Equations 5 to 8 are of the form of harmonic motion along 
their respective axes. [Equations 5 and 6 taken together (also Equa- 
tions 7 and 8) are equations of a circle with center at the origin, the 
radius of the circle being V A*® 4+ 
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23 The coefficients which represent the radii in rotation, or the 
amplitude of vibration, have the same denominators. The value of 
the coefficients becomes infinite when the denominators equal zero, 
which is the critical-speed condition. That is, 


ig) Ky Ke K 2K2 on .. 
V2 W, We. w. | 60 

1 2 \ W, W, W, Ws 
for inch, pound, minute units. 

7600 Lb SOOO Ib. 
I I! 
» {2 38 = > p< 
< x0) - > 


Fia. 7 Conpition or LoAp on (Fira. 6) 


24 The = sign of this equation gives two values of critical speed. 
This equation is general for two concentrated loads regardless of the 
method of support, for either two of three bearings. 


Critical Sneed 
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(Fics. 6 AND 7) 
SOLID LINE FOR LOAD |; DOTTED LINE FOR LOAD II 


J a 
x4 
| 
+5} | Nw 4 
~ | tes 
| 
| 
> +1) 
> 0 
am 
= | | : 
‘ tk | 
‘ 


1070 CRITICAL SPEED CALCULATION 


25 When the unbalances a; and az of the centers of gravity of both 
loads lie in the same plane, either on the same or opposite sides of the 
shaft, so that the angle @ is zero or z, the coefficient B becomes 
zero and the radius of the circle of the shaft path is A. This gives 
below the critical-speed value the smallest circle when the unbalances 
are on the same side, or @ equal to zero degrees; above the critical 
speed, z gives the smallest circle. 

26 The properties of Equations 5 and 8 can be shown more fully 
by anexample. For the conditions given in Fig. 7 the amplitude of the 
vibrations is plotted in Fig. 8.. This machine showed excessive vibra- 
tion between 1100 and 1200 r.p.m., when not in nearly perfect 
balance. It could not be speeded up to the second critical speed, the 
second value being too far above the running speed. The solid curve 
is the vibration of Load I; the dotted curve is the vibration of Load 
Il. The amount of vibration is in terms of the unbalance a; and ay. 


a=, 
I 1500 IT 
\ 
1000 
» a-Q a<o 
/ - 
* = a=" 
- (C27 
=O 


Fic. 9,10,11 Paru anp Revative Location or SHarr Centers ror Dir- 
FERENT ANGLES OF UNBALANCE 


For the same unbalance, Load I, having the weaker portion of the 
shaft, has the largest vibrations until the first critical speed is reached. 
Beyond the first critical value the vibrations of Load II become large 
and influence the vibrations of Load I, reducing them through zero 
from a negative to a positive value. Beyond the second critical 
speed, Load II with the stiffer shaft has the larger vibrations. 

27 Another interesting thing is the relative location of the shaft 
centers at any given time. Figs. 9, 10 and 11 show the paths of the 
shaft centers and their location on the circles, for the angle between 

1 3 
the unbalances of a = 0, — z, z and ; z, when pt = 0, 2z, ete. 


The rotation of the points on all circles is in the same direction as the 
rotation of the machine. When below the critical speed (Fig. 9), 
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Load I on the weaker shaft, or the shaft with the largest static de- 
flection, rotates in the larger circle. Note the relative positions of the 
shaft centers for different values of a: and the influence the larger 
circles have upon Load IT in forcing the unbalances towards opposite 
sides of the shaft as shown by the positions for @ = = and , * 
Between the two critical speeds (Fig. 10), the positions for all values 

1 and 
of a have turned through 180 deg., except Load II, a = 9 X 


3 
z. Above the second critical speed the positions of Load I 


turn through another 180 deg., while Load | is unchanged. Here the 
stiffer shaft, or Load II, has the larger circles of rotation. 
CONSTANTS FOR TWO LOADS 


98 As the sixty-nine formule given in the table for calculations 
cannot be derived for want of space, an example will be given te illus- 
trate the method. Take the condition of two loads just considered, 
using the letters given in Fig. 12 for dimensions and weights. The 


< a -}- a > 
< 1 2 


Fic. 12 CONDITIONS OF LOADING 


force of the spring of the shaft is Fi, = Ki ys + Ka ye at W,, for any 
deflections and ye; and = Ke ye + Ks yr at for any position 
and ya. The standard equations for deflections at the loads are: 


ay by 
4, = 6E Il, — m + a 
(lg be 
4, = GE Ile | 2 be We —m + 
l W, ay by Ws deg be 
m= oq +h) + ay) + + 4) 


Making variable by changing 4; to yi, 42 to Ye, W, to Fi, We to Fs, 
and solving for F; and F», gives equations of the above form, where 


= 
| 
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9 


C 
Ki = 32,214 +h) (h + 
1 


ay 
Ci 
Ky = aa? be? [4 (1, Ip) = (1, + a) ] 
= (1; + (1, (1g) 
by Ag be 


4 lo (Je + lg)” = L, (1; 


Constants for other dimensions, loads and supports, may be derived 
from the deflection formule in a similar manner. 


Total Load=Ww 


Fie. 138) Suarr with Untrorm Loap 


DISTRIBUTED LOADS 


29 All critical speed formule so far developed for distributed loads 
are based on the equation in Mechanics that 


4 
EI ym the weight or force on a unit length of beam 
d x* 


and there is an unbalance caused by the center of gravity not coineid- 
ing with the shaft center. 

30 To simplify the calculations, assume the conditions of Fig. 13, 
of a shaft with constant diameter uniformly loaded over its entire 
length by a load, as disc wheels, which will not affect the flexibility of 
the shaft; and that the centers of gravity of all the dises lie in the 
same plane and on the same side of the shaft, at a constant distance a 


| 
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from the shaft center, similar to the single disc in Fig. 4. W = total 
weight of shaft and discs. 

31 Taking any unit length along the YY axis, its mass is ; . 

g 

Assume the center of rotation to be at the origin of the axes when the 


shaftis vertical. The centrifugal force of the massofunitlengthis — p? 


times the radius to center of gravity. This radius projected on the 
Y axis is (y + asin pt) and on the Z axis is (z + a cos pt), where y 
and z are coérdinates of the shaft center for the shaft in any position 
of rotation. 

32 The forces acting on a unit length, projected on the axes, are: 

First, centrifugal force: Y axis, WP (y + asin pt); Z axis, all 

lg lg 
(z + acos pt). 

The second force, the spring of the shaft, does not enter as we are 
considering the forces acting on the shaft, and not the reaction of the 
shaft. 

33 The equation in Mechanics of the forces acting on a unit length 
gives for the Y axis: 


4 m2 


and for the Z axis: 
4» 2 
E 1? = P + acos pt) 
d x* lg 


The general solutions of these equations are: 


y = [Fe* + Ge + H cos kx + J sin kx — a] sin pt....... [10] 
z = [Fe* + Ge + H coskx + J sin kx-a] cos pt ........... [11] 
where 
[12] 
NEIgl 
e = the base of the natural system of logarithms, and the capital 


letters are constants determined by the conditions imposed on the 
equations by the supports, etc., as shown in the following special cases. 


ay 
og 
> 
g 
we 
| 
i 
3 
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SHAFT SUPPORTED AT BOTH ENDS 


34 A shaft supported at both ends, as shown in Fig. 13, either 
vertical or horizontal, imposes the conditions of deflection y, and 


moment EI“ both equal to zero at the supports, or when x equals 

zero and when z equals 1. This gives four equations with four un- 
known constants as follows: 


For z = 0, y = 0 
0=F+G+H —-a 

ax 

O0O=F+G-—-H 


0 


Forz =l1, y=0 
0 = Fe" + Ge" + H eoskl + Jsin kl —a 


«0 
d x? 


0 = Fe" +. —H cos kl — J sin kl 


The solution of these four equations gives 


kl 
a al + cos =) 
2 sin kl 


These values substituted in the general equations 10 and 11 for 
distributed loads give values for y and z which represent the path 
of the shaft center for any point z along the length. The coefficients 
of sin pt and cos pt are the amplitude of vibration along each axis, or 
the radius of the circle in which any point on the shaft center rotates. 
These coefficients become infinite or have the critical speed value when 


sin kl = 0, or whenever kl = z, 2z, 3z, ete. Since p is proportional 

to k®? by equation 12 we have an infinite number of critical speeds which 

have the ratio 1 : 2? :3%:4°... The first or lowest critical speed 


is found from 


| W 
EI gl 


kl = 
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For a circular shaft of d in. diameter, EF 29,000,000, g = 386, 


P 


1 
N, = 2,232,510 d? \ W BE 


for inch, pound, minute units. For a shaft with its own weight only, 


W = 0.28 - dl. Substituting gives 


d 
N, = 4,760,000 


35 The values of the constants /’, G, H and .J, inserted in Equa- 
tion 10, show that the shaft rotates in a bowed condition up to the 


Fig. 14 Conpirion or Roration at Various 


first critical speed as shown in Fig. 14a; between the first and second 
critical speeds as in Fig. 145; between the second and third critical 
speeds as in Fig. 14¢; and so on. 


SHAFT FIXED AT BOTH ENDS 


36 A shaft with uniform load between long rigid bearings, we can 
treat as a beam fixed at both ends and impose the conditions upon 
Kquations 10 and 11 of the deflection y = 0, when z = 0 and when 


dy 
x = l; and the tangent to deflection curve aa 0, when x = 0 and 


On 
N, 
60 
a» 
| fig 
| 
| 
| 
7% 
| 
| 4 
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when z = 1. Solving these four equations for the unknown constants, 
each constant has the denomination of 2 — (& + e™) cos kl. yandz 
become infinite when the denominator equals zero, or 


4 ¢ 


cos kl = “yw = sech kl 
37 isfy thi ion kl i 
‘o satisfy this equation klis nearly z, 
The critical speeds have the ratio: 
The first critical speed is when 


3 W p? 
27 


1 
N, = 4,979,250 d? \ We 


and for a shaft with its own weight only, N,; = 10,616,740 in 


inch, pound, minute, units. 


OVERHANGING SHAFT FIXED AT ONE END 


38 Taking the origin of the codrdinate system at the support, we 
can impose upon Equations 10 and 11 the conditions of a cantilever 
beam; that is, the deflection y = 0 for x = 0; tangent to elastic curve 
dy y 


Fs 0 for x = 0; the bending moment aa = 0 for a = 1; and the 


dy 
shear re Oforz =I. Solving these four equations for the unknown 
constants, each constant has the denominator of 2 + (e* + e 
cos kl. y and z are infinite when the denominator is zero, or when 


9 
cos kl = — sech kl 
39 The smallest value of kl to satisfy this equation is 1.8751. The 
3 5 7 =e 
next values are nearly ae ae Critical speeds have 
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tree The first critical speed is when 


| Wy 
kl = 1.8751 = 4] ud 
EI gl 
1 
N, 795,196 d \ W 


and for a shaft with its own weight only, N, = 1,695,514 in 


inch, pound, minute, units. 
SHAFT FIXED AT ONE END AND SUPPORTED AT THE OTHER 


40 With the origin of the codrdinate system at the fixed end of the 
shaft, we can place on Equations 10 and 11 the condition of deflec- 
tion y = O for x = O and for x = I; the tangent to the elastic curve 
dy dy 

= Ofor z = 0; andthe moment = Oforz = 1. Solving these 
dx d 


four equations for the unknown constants, each constant has a de- 
nominator of cosh kl sin kl —sinh kl cos kl. which equals zero forthe 
critical speeds; or tan kl = tanh kl 


kl 


The critical speeds have the ratio 


5? 9? 137 : 17? 


or 
1 : 3.24 :6.8: 11.6 
The first critical speed is for 


4 Elgl 


N, = 3,482,715 \ 


and for shaft with its own weight only 
d 
N, = 7,021,600 I? 


for inch, pound, minute, units. 


the ratio of 1 :6.34 : 17.6 : 43.6 
q 
= 
itt 
P 
°4 
7 
| 
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GENERAL OBSERVATIONS 


41 All formulz developed for critical speed, for both concentrated 
and distributed loads, apply to vertical shafts as well as horizontal. 
When the shaft is vertical the equation for the Y-axis only is affected, 
the value of y dropping the (— 4), the coefficient of sin pt being un- 
changed. Since this coefficient determines the critical speed value, 
we have the same critical speed for horizontal as for vertical shafts. 
Although some formul:e use the static deflection 4, this is an equiva- 
lent deflection and can be used for vertical shafts by considering them 
horizontal. 

42 The obliquity of the loads caused by the bending of the shaft 
has not been considered. When the load is near the bearings, as shown 
in Fig. 15, the load passes from the full line to the dotted line position, 
and back to the full line, for each revolution. The inertia of the dise 
offers a resistance to this change of position; and this resistance raises 


15 or LoAb DURING ROTATION 


the value of the critical speed. But the obliquity does not introduce 
a considerable error if the loads are nearly half way between the bear- 
ings. 

43 Theoretically the vibrations become infinite at the critical 
speed; actually they do not, but the vibrations are at a maximum 
point. As shown by the curves of Fig. 3 and Fig. 8, the vibrations will 
begin at a certain speed, increase as the speed increases, and with still 
increasing speed will after a while die away. The vibrations may be 
felt over a considerable range, and the exact point of maximum value is 
difficult to detect. It is therefore advisable to keep the running speed 
at least 20 per cent away from the critical value; and if the normal 
speed is between two critical values, as in Fig. 8, careful calculations 
should be made for the point of minimum vibration. 

44 Under ordinary circumstances the speed should be consider- 
ably below the critical value, as then the balance need not be particu- 


/ 
/ 
~J 
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larly good. When the speed is considerably above the critical value, 
the vibration is almost proportional to the unbalance (a in the equa- 
tions) and the flexibility of the shaft; and the balance should be good, 
to prevent injury to the shaft and excessive vibration when passing 
through the critical speed. 

45 A machine may be run very close to or at the critical speed, but 
the alignment and play of bearings, all mechanical details and the 
balance will require extra care, so that a troublesome and more 
expensive machine results before it is in good operating condition. 
The machine will run smoothly for a considerable time, until some 
mechanical fit or play cause a slight unbalance and immediately sets 
up excessive vibrations. 

46 All of the solutions of shaft deflection in this paper are in the 
mathematical form of a harmonic vibration produced by the impressed 
vibration of the unbalance of load. Harmonie vibrations of this form 
have a special solution by calculus when p* equals the natural period 
of vibration of the shaft, or in all the cases considered, the critical- 


speed period. For Equations 3 and 4, when : = p*,the special solu- 


tions are 


jo 
2 
Nu 
at 
z= cos 


These equations show that during the critical-speed period the vibra- 
tions increase theoretically with the time, so that in machines run- 
ning above the critical speed there is less vibration at the critical- 
speed point when it is rapidly passed over. The equations also show a 
transfer of energy; the kinetic energy from the unbalance being trans- 
formed into the potential energy of the shaft deflection, so that a 
machine with nearly perfect balance may run smoothly for consider- 
able time at the critical speed before vibrations appear. The writer 
has not seen or had sufficient proof of the action of these two equa- 
tions, but they may explain some of the peculiar phenomena observed 
in the vibration of certain machines. 

47 With excessive vibration in passing through the critical speed 
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there is a considerable tendency to spring the shaft by giving it a 
permanent set. This is most dangerous when the machine is first 
started, before it has a running balance. Partly for this reason many 
designers use the more expensive nickel-steel forged shaft instead of 
‘arbon steel. With due consideration of the smaller coefficient of 
expansion of nickel-steel, in distorting large shafts when all parts are 
not at the same temperature, and of the fatigue or reversal of fibre 
stress in horizontal shafts, the machine and shaft can be so propor- 
tioned for smooth running that the finer grade of shaft steel is not 
always necessary. 
TABLE OF FORMULZ 

48 The formule developed in this paper have been transformed to 
suit a number of special conditions, and placed in tabulated form for 
convenient use. The data required for the solution of critical-speed 
problems are the same as those for shaft deflection at loads. As 
the shaft is usually of variable diameter, and its stiffness is increased 
by a long hub, an ideal shaft of uniform diameter and equal stiffness, 
or for the same deflection, must be assumed. The loads are usually 
concentrated with an ideal point of application. The weights and 
distances between bearings and loads are the same in the ideal as in 
the actual case. Experience has shown that when the largest shaft 
diameter and uniform load cover about one-third of the span, approxi- 
mately the same deflection is given for the load concentrated with a 
uniform shaft of the largest diameter. The weight of the shaft can 


be divided among the concentrated loads. As formulze have not been 
developed for more than two loads, when more than two loads are 
given they must be transformed into two resultant loads that would 
give the same deflection. For this case, two critical speeds are found, 
one of which is usually far from the working speed. 


~ 
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CRITICAL SPEED FORMULAE 


Wercuts 1N Pounps, Dimenstons IN INCHES. VERTICAL SHAFTS 
CONSIDERED HorizontTaL 


N, N,, N2 = critical speeds in r.p.m. 
4,, 4, = statie deflections at W, and W, (shaft horizontal). 
d = diameter of shaft (inches). E = 29,000,000. 


Single Concentrated Load 
General Formulae A 
N ] 


SELL 
Ww 
| N ywi 4 
: l 4 : 5 
] 
W, | N, = 387,000) 
4 ! 
¥ N, 87.7 1 / 
- l 7 
| 
2 W 
l > ] 7 


| N 75,200 Wart ) | /0 
n, = 187.74 / 
a b 3 
l | | ] (31 +b) 
+ + 
W 
1 N, 00% 7 ic 
| Q77 
2 
| 68 £ [3 


4 j 

4 | 87. / 
l wi? | 

4 | 1 | 15 


4 
= 
4 
= 187.7, | 
* 
| 
<j 
gia 
| 
W N 38 7 13 4 ; 
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Two Concentrated Loads 
General Formulae 


Lf 
! 


and =/3; 
Ne 


Cc 


W We W. 16 


6EI 
(1-a,-a,)°1( 31-2a,-2a, 


18 
k= Capltl-a | 19 
| az) 20 
3 a,d> 
N= Substitute nEquation 16 
N,= 548,400 22 
N= 548.400 G W(31-4a,) | £3 
187.7V4, | 24 
1,= (31-4a,) 25 
3EI 
© 26 
i ec 
5) +l.) (1,+a,)'] 27 
29 
N, and N2= Substitute in Equation 
3EIl 
C 30 
3/ 
Ay~Ctlt+a)* 32 
N,andN,= wuation Ib 
N,= 1,547,000 d 33 
/ 
N,- 124,34 34 
N.= 2,337,000d wi? 35 
N.= 187.7 36 
7 Wl? 
7668 EI 37 
/2EI 
3 
| 39 
K=Ca‘b'l, 40 
Sat) 
N,anda Substitute in Equatic é 
W,a*b* 2 > 
al 
ser (1, tl,)- Weer CU, 43 
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SEI 
C 7 47 | +4 
w Ww, 
| K, = /6Cl,(1,+1,) 45 
L 
l N and Substitute in Equation 16 
Wl Wel,/ | 
A, ~ABEI ~ |48 
W221," 
| 4,- SEI 49 


Distributed Loads — A Maxitmum Static Deflect on 


Total Load =W N, = 211.4V3 5/ 
N 


160,000 (Shattalone) 52 
| | N [14,9 6, Atc.]N, 53 
wi? 
54 
N, = 4,979,2504° 55 
54 | 
Total Load =W , N, = 245 V3 56 
N, = 10,616,7407¢ (Shaft alone) \ 57 
l >t N =[1, 2.78, 545, 9, Atc /N, 58 
1 wi? 
A = 59 
Nn, = 60 


Total Load =W = /676 6/ 


= 


a 
= /,695 5/4 7 ( Shaft alone) | 62 


“ages 
‘ 
4 
+ 
z 
w 


Dd 


Total Load=W 


= 


N, O2),600%% (Shaft alone) |67 

N |68 

| 


| 


tie 

‘4 
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| 4 
| 
’ 
= 3,482,715 65 
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THE TRAINING OF MEN—A NECESSARY PART 
OF THE MODERN FACTORY SYSTEM 


By MaaGnus W. ALEXANDER, PUBLISHED IN TuE JOURNAL FOR JANUARY 1910 
ABSTRACT OF PAPER 


The paper outlines briefly the educational policy of the General Electric 
Company at Lynn, Mass., where a systematic training is provided, suitable to 
all classes of people. The unskilled worker without particular education 
receives a training adequate to his immediate needs; the grammar school boy 
is initiated into the trades on the basis of a four years’ course with educational 
instruction of a high school character; the high school graduate is trained for 
semi-professional service of a technical or business nature, on the basis of a 
three years’ course with educational instruction of collegiate grade; and the 
college graduate is prepared for professional service of the highest 
order, on the basis of a two years’ training of the character of a post-graduate 
course. An hour and a half to two hours must be spent in the classrooms every 
day, except Saturday, and except during partsof July and August, and classes 
meet during regular working hours, the students receiving the same compensa- 
tion as during working hours. The apprentice training room is a trade school 
in the factory and permits of training under the most favorable conditions and 
expert supervision. 


DISCUSSION 


Pror. Ira N. Houuis said that this movement, which practically 
began ten or fifteen years ago, is bound to extend throughout the 
country. He referred to the city of Geneva, one of the best governed 
in the world, where the city council directs these courses of training, 
and said that the future would show whether our cities could under- 
take this. In the meantime these great companies are stepping into 
the gap. 

2 The college graduate, as Mr. Alexander has pointed out, lacks 
practical knowledge. A committee appointed some years ago to 
represent all the engineering societies of England, recommended 
that every engineer spend at least one year in a commercial es- 
tablishment before graduation, this year to follow the first year of 

This paper was presented at Boston, March 11, 1910. The discussion is 
given in abstract only. 
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college work. Although this seems a prolongation, it is rather a 
shortening of the course, because of the value of the commercial 
contact. It might be difficult to get the larger firms to take men 
under such conditions, but it is probable that such firms would rea- 
lize that they would profit very largely by the return of men thus 
trained into business, through their knowledge of the firm’s products. 
Every industry and every side of our industrial life ought to have 
a school in an establishment where the product is made, not only 
for the workmen but for the graduates who are going to become 
engineers in that specialty. 


H. S. The industrial organization needs educa- 
tional advantages among its workers. The public service corpora- 
tion is coming to the same position, and within the last two or three 
years quite a number of companies working along street railway 
lines, or in central station operation, have taken this question up 
with considerable interest. 

2 To speak specifically, perhaps one of the most interesting 
examples in this vicinity is afforded by the Boston Elevated Rail- 
way Company. About four years ago the company began a series 
of car-house foreman meetings. held monthly under the supervi- 
sion of John Lindel, the superintendent of rolling stock and shops. 
At these meetings the defects of the cars are discussed, diagrams and 
charts are put on the blackboard, and the improvements in keeping 
rolling stock free from troubles from one year’s end to another 
shown graphically before the men. After full discussion, the meet- 
ing is usually turned over to some representative of the operating 
department especially familiar with one line or another of the work, 
who either reads a paper or gives an informal address on some sub- 
ject of special interest. Of the subjects discussed, three or four that 
may be cited are snow-plow maintenance, accidents, fire protection, 
gears and motor troubles. 

3 The frank and free discussion. of these, topics in an intensely 
active operating company is bound to increase the efficiency of minor 
subordinate officials. Last October the Boston Elevated Railway 
Company started another series of meetings for its pit-men and car- 
house foremen and some selected shop employees. The object of the 
meetings held weekly has been to increase the theoretical knowledge 
of the work, in the belief that some classes of employees need 


1 Technical Journalist. 
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this, while the college graduate perhaps needs an increase in prac- 
tical knowledge. Subjects that have been taken up in these lectures 
are static electricity, magnetism, measurement of currents, indue- 
tion currents, electrical considerations in the design of direct-cur- 
rent motors, rheostatic control, multiple-unit control, air-brake 
equipment, control equipment, track maintenance, blue-print read- 
ing-records to maintain personal efficiency, and the design of var- 
ious electric motors used on the system for car propulsion. Further- 
more, in a shop where the work is so specialized that the foreman can 
follow the work of each man when piece work is undertaken, he can 
place the man on his own feet and assist him to make the most of 
his time and to cut out lost movements and other waste in the hand- 
ling of his tools. 


Henry Eckrorp Ruopes! spoke on the general subject of train- 
ing men for factory work and referred to the methods of early ap- 
prenticeship days and his own hardships in securing a mechanical 
education. He pointed out the greater opportunities afforded at 
that time because of the greater thoroughness of the boy’s train- 
ing, a thoroughness which the present methods of specialization 
render impossible. He thought this subject to be of the greatest 
importance, since lack of efficient men is blocking the growth of 
American industries, while the non-trade branches including the 
professions and business occupations, are over-crowded, a condi- 
tion due to the restrictions which prevent boys from securing ap- 
prenticeships in trades. He advocated the establishment of free 
or partly free industrial schools such as are being successfully opera- 
ted in Europe, which tend to supplement the education of an ordi- 
nary school with training calculated to make the boy a more useful 
member of society and a larger contributor to the nation’s wealth. 
The colleges and universities and the leading high schools in cities 
should be equipped with complete mechanical plants and able in- 
structors and the electives should be extended so that greater opportu- 
nities might ‘be given for learning trades. The work at the Naval 
Academy and in our technical colleges proves that it is not impos- 
sible to acquire an education and a trade at the same time and he 
believed that as a result of such a method of procedure many would 
take up a trade who are now prevented from doing so by present 
conditions. 


1 Passed Assistant Engineer, U.S.N., Ret. 
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Pror. CuHarces F. Park! spoke of the work of the Lowell Insti- 
tute for Industrial Foremen, an evening school maintained by Presi- 
dent Lowell under the auspices of the Massachusetts Institute of 
Technology, described in the discussion of a paper on College and Ap- 
prentice Training by J. P. Jackson (Transactions, Vol. 29, p. 507). 
This school for foremen was not planned for the great mass of so- 
called working people, but for the minority who are not uneducated, 
but who have been unable to gain a technical education. It com- 
prises two courses, mechanical and electrical, each extending over 
two years, and including lectures, recitations, drawing-room exer- 
cises and laboratory practice. The courses are conducted by mem- 
bers of the faculty of the Massachusetts Institute of Technology, 
which has also given the use of its laboratories and class rooms. 
The students are required to spend two hours at the school three or 
four evenings a week and as many more hours in home study. There 
have been about ninety in the first-year class and sixty in the see- 
ond class. 

2 One hundred and eighty-three men have graduated. That 
the school is making the men more efficient in their regular occupa- 
tions, and qualifying them for advancement along the lines in which 
they are working, has been demonstrated by these graduates. This 
is a strong endorsement of Mr. Alexander’s statement that ‘ train- 
ing will increase their economic value and contentment, and add 
materially to the productive efficiency of the factory.” 

3 The paper presents ascheme for training men which in many ways 
seems ideal. To what extent this may be practically realized under 
our factory conditions is, in the writer’s opinion, open to some ques- 
tion; for industrial activity, competition and numerous manu- 
facturing considerations, the governing conditions for any plan of 
shop training, would necessarily influence the educational value of 
the work. The interest of the superintendent and foremen is in the 
efficiency and output of their departments; questions of instruction 
are secondary, and under the present scarcity of capable men, it 
would probably be difficult to find good foremen who would be 
good teachers. The students themselves, as the author says, must 
“never forget that they must earn as well as learn in the service of 
their employer.”’ These conditions seem to be confronting difficul- 
ties in the way of thorough training from the educational standpoint. 

4 This is not a criticism of shop courses as a whole, for the writer 


1 Director, Lowell School for Industrial Foremen. 
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believes certain parts of the man’s training can be gained as well, 
if not better, in the factory than in the college or regular school. 
No course of study can possibly produce a mechanic and engineer, 
or an electrician, so well fitted that there is nothing left for him to 
gain from practical experience. His grasp of practical detail and 
well-balanced judgment will come only after years of service in the 
factory. But general training in fundamental principles of mathe- 
maties and pure applied sciences can best be given in schools which 
have this training for their aim and not as a secondary purpose. The 
mechanical industries should not be called upon to give training 
beyond that directly associated with their processes and methods. 
These industries are not philanthropic institutions and they cannot 
be expected to furnish such general training to our young men as 
we should demand from our public schools and colleges. 


GEORGE CLINTON EwinG! said the Westinghouse Electric and 
Manufacturing Company had a course very similar to that in the 
(General Electric Company described by Mr. Alexander. Delegates 
were being sent to the various colleges, outlining the company’s 
plan and asking the students to come to them. There are lectures 
in the evening rather than the day time with various topies for 
discussion. The students publish the Eleetrie Club Journal, which 
costs more than is realized from its sale, the deficit being made up 
by the company. The engineers in the factory give talks and pro- 
vide papers for the meetings. 


Pror. EK. F. Mintuer said that some of the Westinghouse dele- 
gates had come to the Massachusetts Institute of Technology and 
the prospect offered the students seemed a good one. sy the com- 
pany's new arrangement the men are shifted every two months, so 
that in the course of ayear or so they have spent practically two months 
in every department. The students are to be put in charge of the 
small testing units up to 500 kw., with a more experienced man over 
them, and will be called upon to fill vacancies higher up in the com- 
pany, as soon as these occur. 


R. H. Smiru.? The claims of the scheme outlined by Mr. Alex- 
ander are broad, and if true will cause a complete reversal of present 


! Westinghouse Electric & Mfg. Co., Boston. 
* Massachusetts Institute of Technology. 
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methods of education. If mechanical trades and technical sub- 
jects such as drawing, mechanism, machine design, pattern-mak-— 
ing, machine construction, foundry work, steam, electrical and mech- 
anical engineering, can be taught effectually and rapidly in the 
shop and factory, then schools and ‘colleges are unnecessary and 
a needless expense, and our leaders in education have been near- 
sighted and unwise. 

2 For hundreds of years the shop, factory and office provided 
the only opportunities for a boy to learn a trade or acquire a pro- 
fession. But under the apprenticeship system the process of learn- 
ing a trade was slow, illogical, and unsatisfactory to both boy and 
employer. There was no course, instruction, method or system, 
to the boy’s advancement. The amount of skill and knowledge the 
boy acquired during his ‘apprenticeship depended upon his own 
thought and calculation and upon accident, as the teaching results 
of the shop are small. It was pre-supposed that he would acquire 
information and skill by observing what went on about him, and his 
attempts to learn were ventures often disastrous and discouraging. 
3 The factory system, with its division of labor, its countless 
duplication of like parts by means of highly perfected special mach- 
inery, where the operations are largely repetitional, was the means 
of the gradual extinction of the old apprenticeship system, and of 
the supplanting of the long-trained skilful mechanic by the green 
hand who can in one or two months be broken in to become an 
operator or machine specialist, and by repetition becomes expert, 
but with any change of work or machine is helpless. 

4 How does the new apprenticeship system differ from the old? 
In the old system the boy was under the direction of the foreman, 
assisted by the journeyman of the department; in the new system 
he is under the direction of an instructor, assisted by an apprentice. 
In the old system the boy had quite a variety of work selected from 
a small shop. In the new system the work is selected from a large 
manufacturing plant and must be to a great extent work of dupli- 
tion and repetition, a dulling influence on the boy’s mind at that 
formative age when it is imperative to avoid such influences. Neither 
the old nor the new systems offer any organized course or systematic 
instruction. The boy in either case, in large measure, must re- 
discover elementary facts,as would not be permitted in branches of 
education other than in the mechanical trades. Under the new sys- 
tem the boy gets a few hours a week of book-learning, but pays 
dearly for it by having his course unnecessarily lengthened and by 
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doing more repetitional work, as no company could afford to give 
him this instruction were it otherwise. 

5 Because our forefathers came to the conclusion that learning 
a trade was slow, illogical, unsystematic, and wasteful of time and 
money, schools were established and courses organized to supply the 
deficiencies of shop and factory, and very few would think of return- 
ing to the old system. 

6 In the evolution of the many systems of teaching, the labora- 
tory or problem method has been the most successful. This is the 
method in use in our engineering and medical schools, our col- 
leges and universities, and no system in the world has trained so 
many men so well. It has been employed for more than thirty 
years at the Massachusetts Institute of Technology. A method is 
worked out by graded lessons from the simple to the complex, so 
that with the least expenditure of time a sound, systematic acquire- 
ment of information and skill is provided. In the lecture room the 
instructor, pre-supposing the ignorance ofja class of students, be- 
gins at the foundation, thus \developing the mechanical judgment 
of the students by making, in advance of practice, a careful study 
of the problem and its solution. 

7 In the laboratories all students have equal opportunities to 
practice and apply the instruction, not as a venture, but with a clear 
knowledge of the method of solving, obtaining results many times 
more effective than can be taught in the shop or factory through 
constructive and repetitional work. ‘The laboratory method creates 
enthusiasm and class spirit, tremendous factors in acquiring infor- 
mation and skill, and trains, students to, think logically and plan 
intelligently. 

8 Mr. Alexander’s paper says: “The very fact of this work 
being a part of the commercial output of the factory automatically 
insures a high standard of quality and quantity, and eliminates the 
false notions of these values usually found in purely educational trade 
schools.” When I first came from manufacturing into the profes- 
sion of teaching, I had this same idea. I thought that schools teach- 
ing the mechanical and industrial arts created false notions of ac- 
curacy, quality and quantity in the minds of the students. I thought 
the apprenticeship system of the firm employing thousands of men 
with which I was formerly connected, gave their apprentices train- 
ing that could not be improved. ‘Time and experience, however, 
have proved that it was I who had the false notions and ideas, and 
that the laboratory or problem method for teaching the principles 
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of the mechanical and industrial arts as a part of an engineering 
training, or the essentials of a trade, can never be equalled for rap- 
idity by the apprenticeship system, however perfect, or well or gen- 
erously managed. The shop and factory have not the facilities for 
a graded course, nor the necessary teaching knowledge. They can- 
not properly teach beginnings, while the school cannot teach exper- 
lence. Each has a field of its own. No word is more misleading in 
industrial education than the word practical. The laboratory or 
problem method is the most practical kind of work for the learner 
and the only true solution of the problem of teaching the mechanical 
trade rapidly, economically and progressively. 

9 This apprenticeship system is undoubtedly well managed 
and produces as good results as may be obtained or expected from 
any large shop or modern factory system. Mr. Alexander says: “No 
course has been laid out for practical work, each apprentice being 
advanced as fast as is consistent with his individual capacity.” While 
there is no course and, consequently, no systematic instruction, still 
this system has a field of its own in training its own operators and 
machine specialists. The essentials of a trade may be taught also 
by this system provided the apprenticeship course is long enough, 
say, five to seven years. This will enable the boy to obtain sufficient 
information and skill to meet changing industrial conditions. 

10 While this apprenticeship system will undoubtedly attract 
many boys who have neither the opportunity nor the means to 
learn a trade by more rapid methods, it will not find a permanent 
place in a modern system of education. The American people are striv- 
ing for the ideal in the field of industrial education and many schemes 
and plans are being tried out with varying success, and 1 predict 
that when this industrial education question is settled it will be along 
the lines of laboratory or problem methods. This whole subject 
of industrial education is largely one of the repetition of the factory, 
and the variety of the school. Repetition is the death of ambition. 
advancement and development; variety is the life of energy, 
enthusiasm and progress. 


Dickerson G. Baker. Many students of industrial conditions 
believe that the producing capacity of this country may be limited 
shortly by the number of men available for properly supervising 
work. This shortage of competent men is far more noticeable and 
serious among foremen than among higher executives, and, though 
rarely admitted, the efficiency of a manufacturin6 plant depends 
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as much upon a high average ability of foremen and gang bosses as 
upon executive capacity. 

2 In the plant with which I am connected, there have been for 
years apprentice courses, averaging three years in length, for pattern 
makers, molders and machinists, and we have a one year course in 
commercial and designing engineering open to technical graduates 
only. But we have recently instituted and are giving our principal 
attention to a class of young men who have been carefully selected 
as having the proper qualifications to become gang bosses, rate-set- 
ters, equipment designers and foremen. Candidates must have had 
two or more years’ machine shop practice and have given evidence 
of energy, thoroughness and a capacity for analysis. 

3 Each student, in this course is first assigned to some machine 
tool, which he is taught to operate properly, and is given written 
instructions and a form upon which he records detailed time stud- 
ies of his work, made along lines developed by Fred. W. Taylor, 
Past-President of the Society. The importance of realizing the full 
efficiency of the tool upon the class of work being done is impressed 
upon the student. Records of time taken for the various steps in 
the operation being performed, are examined daily by the foreman in 
charge of the class, and opportunities for improving work and saving 
time are pointed out. In this way the young man rapidly acquires an 
appreciation of the value of seconds and of the close study of details. 

t Asa student becomes proficient with the operation of one tool 
he is assigned to others under the same conditions. After a reason- 
able length of time, he is permitted to make time studies of the work 
of other operators, and from the records of these studies we are able 
to make improvements in methods and equipment for the operations 
observed, and to establish fair and equitable piece-rates, not only 
reducing our manufacturing cost, but enabling our workmen to earn 
a considerable increase over their normal day rate. We insist upon 
fair and straightforward methods in dealing with the workmen in 
regard to these rates, and there has been practically no trouble 
in applying them as the student is nearly always able to demonstrate 
personally that the work can be done in the time assigned. 

5 It is noticed that foremen trained in this way tend to proceed 
in an orderly manner in laying out new work in their departments, 
When informed as to the number of given parts to be made, they 
are able to determine the relation which should exist between the 
amount to be spent for special equipment and the amount to be 
spent for direct labor on the job. 
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6 The desirability of the student’s having one year of practical 
experience under actual commercial conditions, between the first 
and second years of his technical course, brought out by Professor 
Hollis, is certainly one of the greatest truths before us. I should say 
further that if we could alternate one year of technical instruction 
with one year of practical experience, the results would be even bet- 
ter, since repetitive experience has certain great advantages abso- 
lutely necessary to the perfection of the competent executive of a 
manufacturing organization. 


Pror. GARDNER C. AntHOoNY. I believe the plan of the appren- 
ticeship system to be an excellent one, and a step in the right direc- 
tion. My criticism relates to the amount and character of the theory 
to be taught in the proposed course. Problems will probably arise 
similar to those with which the engineering schools have been strug- 
gling in adapting the several courses in shopwork to the curriculum, 
and we find today a great variety of methods employed for giving 
this instruction. 

2 All classes of shop work should be taught for their educational 
value, rather than for the information which may be acquired through 
them. If a course in machine tools for example, is not closely artic- 
ulated with such subjects as physics, mechanics, mechanism, design, 
etc., and subjected to the same tests for educational development 
that are given in other courses, this work had better be relegated 
to the factory. But because such courses can be made of great ped- 
agogical value by properly articulating them with other courses, 
they have a proper place in the curriculum of the engineering school. 

3 The new form of education under discussion may find a like 
difficulty in incorporating such subjects as analytical and descrip- 
tive geometry, elementary calculus, thermodynamics, etc., into 
the new curriculum of the factory. This is more likely to occur if 
an attempt is made to duplicate the courses now given in the colleges, 
using similar text books and conducting the work in the same manner. 

4 A course in descriptive geometry might be given which would 
not occupy more than one-half the time devoted to that subject in 
engineering schools: and it should be of a different character more 
closely allied to the problems to be met in the shop, which necessi- 
tates a special text book prepared by those in charge of such a course. 
This same suggestion would apply to analytical geometry. It will 
require considerable skill on the part of the instructor to make the 
element of calculus a live topic in the midst of the pressure of the more 
practical subjects, although I believe that it can be done. 
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5 If the subjects can be thus closely related, I believe that the 
new form of training will be well adapted to a largenumberof young 
men who will become capable of filling the better class of positions 
in engineering establishments. 


Pror. Perer Scowames thought the separation of the instruction 
department from the shop a wise one, since it brings the student 
under better supervision and his advance can be made more rapid, 
if not too much repetitional work is required. 

2 While the treatment of the students as individuals in their 
manual work may advance the better ones more rapidly, the usual 
effect will be that they obtain more of the instructor’s time than is 
their due, since he will naturally want to instruct where his efforts 
will make the best showing. The adoption of the class method of 
instruction will beget a friendly spirit of rivalry among the students 
and save much valuable time of both instructors and students. 

3 The advance of the class should be as rapid as is consistent 
with the production of good work and the thorough mastering of 
the operation, the element of expertness being left for future train- 
ing. The student may be made familiar with the fundamentals, 
his class-room training being properly correlated to his shop work. 
After such fundamental training the student may be safely started 
upon commercial work, with a view of obtaining expertness on the 

various tools. 

4 Mr. Alexander’s plan can probably be improved by the adop- 
tion of definite courses systematically arranged for the beginners 
in all departments, such courses covering the fundamental princi- 
ples and operations in logical order, and it is suggested that such a 
plan be introduced in the foundry instruction department yet to be 
equipped. Such courses would also offer a greater attraction to 
technical graduates, who could obtain through them a much desired 
practical experience and be brought into close touch with commer- 
cial engineering work. 


LutrHer D. BuRLINGAME said there is no substitute for patient 
and continued practice at a trade and that the apprenticeship sys- 
tem is the most satisfactory means of producing skilled workmen. 
Its efficiency is greatly increased however by combining with it 
auxiliary training to supplement the main line of work, such as math- 
ematics, drafting, mechanics, ete., for the machinist apprentice, and 
varied machine shop work for the draftsman apprentice, these illus- 
trations being typical of the needs in all trades. 
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2 The value of the shop school is that it makes auxiliary train- 
ing a nece:sary part of the course of apprenticeship for which the 
apprentice is paid and during which he is under full control of his 
employers. This can be acquired in an evening school, but unless 
compulsory a large number of those needing this training most would 
not avail themselves of it. 

3 There is a wide field for the employment of different methods 
in carrying out a system of industrial education in the shop. In the 
Brown & Sharpe works there are about 150 apprentices coming under 
some form of auxiliary training. The machinists’ apprentices, in- 
stead of working part of their time in a machine shop apprentice 
training room, spend all of their four years of apprenticeship, except 
for school work, in the regular shop departments. This plan does 
not require the duplication of machines in another department and 
it keeps the boys in touch with the more advanced machine opera- 
tions, so that they can gain experience constantly by observing work 
going on about them as well as from what they are doing them- 
selves. It brings about contact with the various foremen during 
the entire period and this mutual acquaintance is helpful in deter- 
mining the boy’s value and, from the apprentice’s standpoint, in 
getting into the spirit of the shop and its personnel. During the 
time these apprentices are working in the machine shop they are given 
work in eight or more of the regular departments, thus becoming 
acquainted with foremen and workmen as well as with methods. 
No shop should be deterred from establishing an apprenticeship 
system because it does not feel justified in equipping an apprentice 
training department where a separate equipment of machines is 
required, 

4 In the Brown & Sharpe works, without the use of text books 
and without the learning of rules, ete., the problems are presented 
as they would arise in the shop, except that they are in regular se- 
quence as to subject and difficulty. They are taken up with such re- 
ference tables and books at hand as should be in the possession of 
intelligent mechanics, and the boys are taught how to use such means 
to solve the problems. They are not taught geometry, algebra, trig- 
onometry, ete., as such, but learn quickly to apply such principles 
of these sciences as are needed for the problems arising in the shop, 
and perhaps before knowing these sciences even by name are 
making practical use of them in their work. Instead of learning 


certain rules and then applying them, the application comes first 
showing what the rule must be, or, at least, where in the ordinary 
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reference books it can be found. Better still, the method of solving 
a problem is often worked out by the boys based on what they have 
previously done, and making them to that extent independent both 
of memorized rules and reference to text books. The whole course 
is directed toward cultivating the reasoning powers rather than the 
memory, and gives a chance for the intelligent grammar sehool 
graduate to hold his own better than would be expected, in com- 
parison with the ordinary high-school graduate of the same age. 
The aim is to make skilled machinists, and while this course fits 
also for foremanships and other lines of advancement, the greatest 
need of today is for skilled workmen. 

5 The speaker also exhibited several blue-prints showing prob- 
lems to be worked out by the students. These related to linear 
measurements, fractions and decimal equivalents, screw threads, 
tapers, gearing, ete., certain data being given from which discussions 
or other results are to be determined by calculation. 


Tue Aurnor.' It was never my intention nor anybody’s inten 
tion that technological or other schools should be abolished. Let 
me refer to one or two things. Mr. Smith claims that the repetitive 
character of our work, so necessary, is absolutely useless in any at- 
tempt at training efficient mechanics in these shops. But does he 
forget that the very same jigs and fixtures that are needed in such 
large numbers and high efficiency must be made by intelligent me- 
chanies? It does not matter how much repetition work is produced 
by these jigs. We must have men who can design these jigs and 
fixtures and can design proper machinery on which these jigs and 
fixtures can be used, 

2 Also a certain amount of repetitive work is not only not bad, 
but is absolutely necessary for the proper training of a mechanic. 
The intensity of production which can be taught only through 
repetitional work must be applied to our growing generation. — It 
is absolutely necessary. You can’t teach the intensity of production 
and all that it: means by having a young man make a special tool or 
a jig or a fixture, because you have no proper, definite measure of 
the time it should take. But if you let that young man make 50 
motor-shafts, you can hold him down not only to absolute commercial 
accuracy, but to a very fair degree of speed with his own hands and 
with his machine. How about the many high school graduates who 


! This discussion was not revised by the author. 
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cannot or do not want to go to a technological school or to a college? 
And how about the 75 per cent of the grammar school graduates 
who never go beyond the public grammar school because they can- 
not or do not want to enter our industries? All these people, both 
the high school and the grammar school boys, making almost 100 
per cent, must receive mechanical training, if they receive it at all, 
in the shop, which is the proper place for them to receive it. 

3 Should we leave out the class room work because we cannot 
give it as well as it is given in college? And, let us say, we do not 
give it as well, because we are not professional teachers. We are 
professional business men, trying to apply good, sound business 
principles to education. I think it would be a misfortune to leave 
it out. Our class room is not so much intended to give definite, 
concrete knowledge in mechanics. It has a far broader purpose, 
and the first purpose of all is to give these young men who are grow- 
ing up and who are going to be our industrial army and our indus- 
trial non-commissioned officers, an objective as well as a subjective 
viewpoint. Our whole labor problem hinges on the fact that our men 
have only a subjective viewpoint and need an objective one, also; 
that they cannot see things from the other side as well, but only 
from their own side. In order to give them that objective viewpoint; 
in order to develop the character of the men; in order to make them 
well-intentioned men, good citizens, good working citizens, good 
workingmen, we have instituted, and I believe every manufacturer 
should institute, some class room work. 

4 We must develop the intelligence at the same time that we 
are developing the hand. And it is not essential whether the in- 
structor in our class room, pedagogically speaking, toes in or toes 
out when he is before his class. 


TOPICAL DISCUSSION ON RECENT DEVELOP- 
MENTS IN WHEEL TESTING 


Dr. C. H. BENJAMIN 


Before proceeding to describe the testing pit recently established 
at Purdue University for experimental work in bursting various ro- 
tating members by centrifugal force, it will perhaps be well to review 
the progress made in this kind of experimentation since the first 
work which was reported to the Society in 1898. At that time, the 
object was to determine the bursting speed of small model flywheels 
with different types of rims and joints. 

2 The first wheels experimented on were 15 in. in diameter. They 
were rotated by means of a Dow steam turbine, the speed being meas- 
ured hy an electric commutator. The shield used was made of 2-in. 
pine plank, weighted with heavy castings and timbers. Fig. 1 shows 
the appearance of the shield after the first explosion. For succeed- 
ing experiments, a similar shield of 6 in. by 12 in. white oak was con- 
structed. 
¥.3 An increase to 24 in. in the size of the wheels tested resulted 
in the complete wrecking of this shield, as may be seen by Fig. 2. 
In all further experiments conducted that year, the shield was made 
of oak timbers 12 in. square, firmly bolted together and covered with 
3-in. oak plank. The speed of the flying fragments is indicated by 
the fact that some of them cut clean holes through moving belting, 
similar to those which would be made by bullets. During this year, 
ten 15-in. and seven 24-in. wheels were broken. 

4 Further experiments on 24-in. model wheels were made during 
the following year and sixteen wheels were broken. The wheels in 
this series of experiments were enclosed in a cast-steel ring 36 in. in 
inside diameter, with a rim section 4 in. by 6 in. This was lined 


This discussion was presented at St. Louis, March 12, 1910. 
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Fic. 1 or 2-1n. Pine Arrer EXpLosion oF 15-1n. WHEEL 
Fig. 2 SHIELD oF 6-IN. By 12-1In. OAK ArTeR EXPLOSION OF 24-IN. WHEEL 
Fie. 3 Cast-Sree, Arrer Expiosion or 24-1In. WHEEL 
Fig. 4 Street SHIELD FoR Four 4-rt. PULLEYs 
Fie. 5 Wreck or 4-rr. WHEEL AND SHIELD 
Fic. 7 24-1n. SteEL PuLtey SuHowine WEAK JOINT 
Fie. 8 Paper PuLLEY 
Fig. 9 View Looxine Down Intro Pir Arrer EXxpLosIon or A STEEL PULLEY 
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with wooden blocks to absorb the energy of the fragments, and was 
completely enclosed in oak planking. The same steam turbine was 
used for driving the pulleys, but a tachometer was used for indicat- 
ing the speed. 

5 The appearance of the casing and wheel after an explosion is 
shown in Fig. 3. After such an explosion, the wooden blocks would 
move around in the ring several inches, showing the tangential motion 
of thefragments. That this apparatus was not entirely safe was 
demonstrated in one experiment by the escape from the casing of 
portions of the pulley rim, due to the breaking of the retaining bolts. 
Although there were numerous spectators in the room,no accident 
occurred. 

6 In this same apparatus fifteen emery wheels of different makes 
were burst, as reported to the Society in 1903. On account of the 
greater fragility of the emery wheels, no accident resulted. 

7 These experiments were followed in the succeeding year by 
tests on wooden and steel pulleys 24 in. in diameter. The results of 
these experiments were published in August 1905 in Machinery. 
Kight pulleys were tested, including five wood split pulleys, one with 
steel arms, one all-steel pulley, and one wooden pulley with a solid 
web which we did not sueceed in breaking. A number of pulleys 
made of paper fiber were tested in the same way, with results not 
very different from those on wooden pulleys. 

8 In 1906 and 1907, a large number of cast-iron dises of various 
thicknesses and types of hub were exploded in the same apparatus. 
The results of these experiments, and the conclusions from them, have 
not yet been published. 

9 It seemed desirable to test larger pulleys in the same manner, to 
see if the peripheral bursting speed would be the same for different 
sizes of pulleys. A few experiments were made in 1904, on pulleys 
4ft.in diameter. Former experiments had showed that it was hardly 
safe to burst pulleys of this weight and size inside a building. The 
apparatus shown in Fig. 4 was built entirely of steel and was 5 ft. 
in inside diameter. The shield was of rolled boiler plate, 1} in. thick 
and having a tensile strength of 65,000 Ib. per sq. in. Flat plates 


. in. thick were bolted to the sides so as to enclose completely the wheel 
tested. Fig. 5 shows the shield after the explosion of the third wheel. 
The upper half of the casing, weighing about half a ton, was carried 
75 ft. in the air and some hundred feet in a horizontal direction. 

10 About this time the attention of the writer was called to a ver- 
tical shaft used by a German experimenter for bursting emery wheels, 
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the wheel being mounted at the lower end of the shaft inside a pit. 
The simplicity and safety of this form of construction are strong 
points in itsfavor. The last testing apparatus devised is constructed 
on this principle and located at Purdue University. 

11 Fig. 6, showing a vertical section of the pit and connections, 
needs little explanation. The weight of the wheel and shaft is sup- 
ported by a ball and thrust bearing, while rotation is effected by a 
10 h.p. motor having a speed which can be varied from 800 to 
2400 r.p.m. The pit itself is lined with concrete, but the impact of 
the fragments is received by a bank of sand. This works admirably 
to prevent any bruising or smashing of the fragments after the ex- 
plosion. The speed is taken in the usual way by ‘a tachometer. 
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6 Testina Pit at UNIVERSITY 


12 During the winter of 1908-1909, this apparatus was used very 
successfully! in testing the strength of sixteen pulleys, all 24 in. in 
diameter, with rims from 6 in. to 6} in. wide. The material used 
in their construction was wood, cast iron, paper and steel. Some of 
the rims were solid but most of them were of the usual split pulley type. 
The linear bursting speed of the solid wooden pulleys was about 275 
ft. per sec., or 2600 r.p.m. The linear bursting speed of the split 
pulleys varied from 220 to 260 ft. per sec., or from 2100 to 2600 r.p.m. 
The paper pulleys on the other hand, having a solid web, were con- 
siderably stronger, averaging about 300 ft. per sec., linear bursting 
speed, or nearly 2900 r.p.m. Contrary to the usual opinion, the 
steel wheels are no stronger against bursting than the average wooden 
pulley. In fact, they are somewhat weaker than a well constructed 
pulley made of wood. Two wheels tested burst at’ exactly the same 
speed, 2240 r.p.m., or 235 ft. per sec. 


1 These experiments were made by Messrs. Biggs and Woodworth, senior 
students, as a part of their graduating theses. 
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13. The weakness of this type of pulley is due to the peculiar form 
of joint fastening, which is bent and broken by the centrifugal pres- 
sure. The bursting of the wooden pulleys was due in most ‘cases ‘to 
the greater density of the balance weights, consisting of slugs of 
round iron inserted in holes bored in the rim. These caused consider- 
able centrifugal force at the points where they were located. It was 
evident from the appearance of the broken wheel that some of these 
weights had forced their way through the rim, thus starting rupture. 

14 It is difficult to see how ordinary pulleys with wooden rims can 
be satisfactorily balanced without weakening. As there is rarely 
necessity for a linear speed of more than 100 ft. per sec., however, all 
of the pulleys tested had a factor of safety sufficient for commercial 
use. This is not true, however, of all pulleys. Two 4-ft. pulleys 
which were tested burst at speeds of 1100 and 600 r.p.m., respectively, 
which was considerably less than was expected of them. In the case 
of the pulley having a solid rim, this was due to the presence inside the 
rim of a balance weight of 33 lb. At 1100 r.p.m. the centrifugal force 
of this balance weight was over 2700 lb. In the same manner, 4- 
ft. pulley No. 2 was burst by the centrifugal pressure of a flange which 
weighed with its bolts 74 lb., and had a centrifugal force at bursting 
speed of nearly 1700 lb. 

15 The effect of a joint flange is particularly disastrous, on account 
of the weakness of the joint itself to resist bending. 


CONCLUSION 


16 The bursting speed of most cast-iron pulleys having continuous 
rims may be put at about 400 ft. per sec., corresponding very ‘nearly 
to a centrifugal tension of 16,000 lb. per sq. in. A wooden pulley 
with a continuous web and rim is even stronger than this, since wood 
is stronger in proportion to its weight than cast iron. A 2-ft. wooden 
pulley of this description has been run at a speed of 467 ft. per sec. 
without breaking. The ordinary split pulleys, whether of,gwood, 
steel or iron, cannot be relied upon at speeds much over 200 ft. per 
sec., on account of the weak points which have been mentioned. For 
experimental high speeds, steel pulleys of a much higher bursting 
point could undoubtedly be constructed. The poor joint design 
of the ordinary split steel pulley, such as is used for shafting trans- 
mission, renders it unusually weak in this respect. 

17 It is proposed to use the testing pit for further experiments 
along several different lines, one being the testing of various kinds 
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of grinding wheels, including carborundum as well as the ordinary 
wet grindstone. The writer also hopes to test out several flywheel 
joints, on model wheels ranging from 4 ft. to 6 ft. in diameter; also to 
have some time an opportunity to test some band saw wheels in a 
similar manner. 


DATA AND RESULTS OF EXPERIMENTS MADE IN THE NEW TESTING PIT 


Rim BurstinG SPEED 
Kind of 
No. of Material Weight 
T in Dia- Peripheral 
est meter Breadth Depth Pounds 
Pulleys Style : r. p. m. Speed 
In- Inches Inches 
Ft. per Sec. 
ches 
1 wood solid 24 6.25 1 #2 29.37 2720 284 
2 wood solid 24 6 25 1 62 29 37 9550 266.9 
3 wood 2 sections 24 6.5 17 29. 67 2210 231.8 
4 wood 2 sections 24 6.5 1.7 29 67 2110 220.8 
5 wood 2 sections 24 6.5 1.78 28 81 2390 251.0 
6 wood 2 sections 24 6.5 1.78 28.81 2430 254.3 
7 wood 2 sections 24 6.5 1.78 28.81 2360 247 
s wood 2 sections 24 6.5 1.78 28.81 2420 253 .3 
y wood 2 sections 24 6.5 1.78 28.81 2570 258.5 
10 wood 2 sections 24 6.5 1.78 28 81 2535 244.4 
Il cast iron solid 24 60 0.406 70.44 3720 380.4 
12 cast iron solid 24 6.0 0.406 70 44 3380 353.8 
13 paper solid 24 6.0 1.75 77.37 2820 295 .2 
14 paper solid 24 6.0 1.75 77.37 2930 306.7 
15 steel 2 sections 24 6.75 0.0625 $1.75 2240 234.5 
16 steel 2 sections 24 6.75 0.0625 41.75 2240 234.5 


FURTHER DISCUSSION 


Following the introductory discussion by Dr. Benjamin, the ques- 
tion was asked by G. M. Peek if it had been found necessary, after the 
bursting of a pulley, to renew the driving shaft on which it had been 
mounted. Dr. Benjamin replied that the shaft was usually sprung 
by the unbalanced rotation of the pulley after bursting, and had to 
be replaced by a new one. 

2 J.D. McPherson submitted the accompanying sketch (Fig. 1) 
of a large flywheel with heavy arms spliton the centreofanarm. The 
two parts are dovetailed together and held by prisoners. He explained 
that this construction avoids the objectionable practice of placing 
the weight of the joint between the arms. 
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3 Dr. Benjamin stated that in this way any desired joint efficiency, 
up to 80 or 90 per cent, could be obtained. There can be no bending 
action due to centrifugal force and therefore no tendency to open the 
joint. Most split flywheels are now made with some form of joint 
over the arms. 

4 H.A. Ferguson asked whether any experiments had been made 
on steel dises such as those used for the cold-sawing of structural 
steel. They are of open-hearth flange steel and run at a peripheral 
speed of 22,000 to 26,000 ft. permin. They are frequently replaced 
b cause of splits on the periphery, but this is apparently due to erys- 
talization caused by the alternate heating and cooling to which they 
are subjected. 


1 Larce with Heavy Arms ON CENTER OF ARM 


5 Dr. Benjamin said that little is known experimentally about the 
bursting speed of dises, but it is certain that they are stronger than 
rings, because the web resists the centrifugal tension. Stodola’s 
Steam Turbines, the best theoretical work on the subject, states that 
the bursting strength of a ring is half that of a solid disc, but the 
speaker had never believed this statement, although it is theoretically 
correct. Solid steel dises are probably safe at the speed mentioned, 
but the practice of punching holes in the discs to balance them is 
questionable. Even a solid disc might be wrecked by centrifugal 
force in combination with the severe strains due to the cutting 
action. 
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6 Col. E. D. Meier suggested that, since flywheel problems deal 
with those of 10 or 12 ft. in diameter, and the expense of actual experi- 
ments on such wheels would be too great for private institutions, the 
engineering profession should use its influence to have such experi- 
ments made by the Government or at Government expense in private 
institutions. 

7 Prof. H. Wade Hibbard announced that a series of experiments 
on aeroplane propellers were to be made this spring at the Missouri 
State University. The propellers are to be of wood, 6 ft. in diameter, 
and will be run at the speeds used in actual practice, i.e., 600 to 1800 
r.p.m. It had been the intention to make the tests in the laboratory, 
but the experiences of Professor Benjamin with the bursting of fly- 
wheels would seem to indicate that this would be dangerous. 

8 Dr. Benjamin responded that he would consider any such experi- 
ments extremely unsafe unless the apparatus were enclosed with 
some strong material. No matter what the material, when speeds 
of from 200 to 400 ft. per sec.. are attained, it is vicious. In some 
of his experiments he found that fragments of wood went through a 
running belt, leaving holes as clean as a bullet would. 

9 Colonel Meier suggested that Professor Hibbard’s experiments 
be extended by testing some propellers to destruction in order to 
determine the factor of safety of those now being used. 


GENERAL NOTES 
AMERICAN SOCIETY OF CIVIL ENGINEERS 


The annual convention of the American Society of Civil Engineers will be 
held in Chicago June 21-24, 1910. 

At the regular monthly meeting on May 4, two papers were read: Water Sup- 
ply of the El Paso Southwestern Railway from Carrizozo to Santa Rosa, New 
Mexico, by J. L. Campbell; and The New York Tunnel Extension of the Penn- 
sylvania Railroad: The site of the Terminal Station, by G. C. Clarke. On May 
18, J. C. Meem presented a paper entitled Pressure Resistance and Stability 
of Earth. 


AMERICAN INSTITUTE OF MINING ENGINEERS 


On Saturday evening, April 30, the American Institute of Mining Engineers 
gave a dinner in celebration of the seventieth birthday of Dr. Rossiter W. Ray- 
mond, for the last thirty years Secretary of the Institute. Nearly 400 were 
in attendance. 

A gold medal from the Institution of Mining and Metallurgy was presen! ed 
to Dr. Raymond by R. T. Bayliss, and illuminated parchments which wore 
sent by various foreign engineering bodies were presented by E. G. Spillsburg, 
Mem. Am. Soc. M. E. Dr. Raymond was also made the recipient of a silver 
service at the close of the speaking. 

Among those who paid tribute to Dr. Raymond were Dr. James Douglas; 
Dr. Lyman Abbott; George Westinghouse, President Am.Soc.M.Ee.; John 
Bensel; M. Sorzano de Tajada, of the Société des Ingénieurs Civils de France; 
Frank Dawson Adams, president of the Canadian Mining Institute; Robert 
W. Hunt, Past-President, Am.Soc.M.E.; Thomas Commerford Martin; William 
Lawrence Saunders, Mem.Am.Soc.M.EF. 

The guests were presented with an illustrated booklet containing scenes 
from the life of Dr.’ Raymond. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


The annual convention of the American Insitute of Electrical Engineers will 
be held June 27-30, at the Waumbek Hotel and cottages at Jefferson, N. H., in 
the White Mountains. The annual meeting was held at New York May 17. 
Officers were declared elected as follows: president, Dugald C. Jackson, Mem. 
Am.Soc.M.E.; vice-presidents, Perey H. Thomas, H. W. Buck, Morgan Brooks, 
Mem.Am.Soc.M.E. “managers, H. H. Barnes, Jr., C. FE. Seribner, W. 8S. Rugg, 
R. G. Black; treasurer, Geo. A. Hamilton; secretary, Ralph W. Pope. 
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On May 5 to7 a meeting under the auspices of the High Tension Transmis- 
sion Committee, of which Ralph D. Mershon, Mem.Am.Soc.M.E., is chairman, 
was held at San Francisco. Elaborate arrangements were made for the enter- 
tainment of the members, and professional papers were read as follows: Emer- 
gency Generating Stations for Service in Connection with Hydroelectric 
Transmission Plants under Pacific Coast Conditions, A. M. Hunt, Mem.Am. 
Soc.M.E.; Hydroelectric Power as Applied to Irrigation, J. C. Hays; The Devel- 
oped High-Tension Net-Work of a General Power System, Paul M. Downing; 
Parallel Operation of Three-Phase Generators with their Neutrals inter- 
connected, G. I. Rhodes; Observations of Harmonies in Current and Potential 
Wave Shapes of Transformers, John J. Frank; Transmission Line Crossings of 
Railroad Right-of-Way, A. H. Babcock. 


NATIONAL ASSOCIATION OF COTTON MANUFACTURERS 


The stated annual meeting of the National Association of Cotton Manufac- 
turers was held in the Mechanics Fair Building, Boston, Mass., April 27 and 28, 
1910. 

An address of welcome was made by Governor Draper of Massachusetts, to 
which Franklin W. Hobbs, of Boston, responded. Addresses followed by the 
president, Charles T. Plunkett, Mem.Am.Soc.M.E., Richard C. Maclaurin, 
President of the Massachusetts Institute of Technology, and Howard Ayres, 
secretary of the Cotton Goods Export Association. Papers were presented at 
the sessions of Wednesday afternoon and Thursday on The Progress of the Diesel 
Engine, Col. k. D. Meier, Mem.Am.Soc.M.E.; The Federal Corporation Tax 
Law, Walter S. Newhouse; A Substitute for Cotton, James Hope; Superheated 
Steam and Superheaters, Dr. D. 8S. Jacobus, Mem.Am.Soc.M.E.; The Electrie 
Drive as a Manufacturing Proposition, Meldon H. Merrill; Choice of Power for 
Textile Mills, Charles T. Main, Mem.Am.Soec.M.E.; Recent Advances in the 
Chemistry of Coal Tar Colors, Dr. Hugo Schweitzer; Sizing of Vegetable Fibers, 
Hermann Seydel; Production-Increasing Methods, Henry L. Gantt, Mem. 
Am.Soe.M.E.; Distribution of Artificial Light, F. M.Scantlebury; Bibliog- 
raphy of the Cotton Manufacture, Dr. C. J. H. Woodbury, Mem.Am.Soc.M.E. 

The following officers were elected: Franklin W. Hobbs, President; George 
Otis Draper and Edwin Farnham Greene, Vice-Presidents; Albert I. Bemis, 
R. M. Miller, Jr., Russell B. Lowe. Frederick A. Flather, Mem. Am. Soc. 
M. E., and Frederick B. Macy, Directors. 


IL.ECTURES ON AERIAL NAVIGATION AT MCGILL UNIVERSITY 


The Department of Mechanical Engineering of McGill University has ar- 
ranged acourse of lectures on aérial navigation which will deal with the mechan- 
ical principles involved in the construction of the machines, the process of their 
manufacture, the difficulties of steering and manipulating with the various 
methods in use to obviate these troubles, and the displacement of air and the 
theory of gliding. The course will be in charge of Prof. C. M. McKergow. 
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ADVANCED STUDY OF ELECTRICAL ENGINEERING AT MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


The Massachusetts Institute of Technology will this year confer for the first 
time in its history the degree of Doctor of Engineering. Special attention will 
be given next year to graduate work. The lectures of Prof. Harold Pender will 
extend the discussion contained in his advanced lectures of this year on the 
high-voltage alternating transmission and utilization of power, with a repeti- 
tion of the general treatment in his lectures of this year on the transmission 
circuit, and more attention will be given to the conditions arising from the 
utilization of power. Professor Jackson’s lectures for graduate students on 
the organization and administration of public service companies will next year 
be directed more to the theory underlying methods of charging for service by 
public service companies, with particular reference to charges for electric 
light and power, but with collateral consideration of railroad and tramway 
charges and charges for gas and the service of other public utilities. Pro- 
fessor Wickenden will originate a course of lectures on illumination, photom- 
etry and illuminating engineering,as a part of the optional curriculum for under- 
graduate and graduate students. 


FOREST PRODUCTS LABORATORY AT UNIVERSITY OF WISCONSIN 


The Forest Service of the United States and the University of Wisconsin 
are coOperating in the establishment at Madison, Wis., of a Forest Products 
Laboratory, which will be preoared to carry on tests of the strength and other 
properties of timber, the preservative treatment of timber, the saving of 
wood waste by means of distillation processes, and the fiber of various woods 
for paper and other purposes. It is proposed to make it the largest and best 
equipped wood-testing laboratory in the world. The labo itory \\ ill be formally 
opened on June 4, 1910, and representatives of lumber manufacturing and wood- 


using associations from all parts of the country are expecte to attend. 
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EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for notices in this Bulletin should be received 
before the 12th of the month. The list of men available is made up of members of the Society 
and these are on file, with the names of other good men not members of the Society, who are 
capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


026 Young technical graduate with good scholastic record and at least 
two years practical experience, for position of assistant in the laboratory of 
an engineering school; salary $1000 for the academic year. Location, Massa- 
chusetts. 


027 Instructor in the mechanical engineering department of Columbia 
University, New York; will pay $1000 per year. 


028 Manager of well-known company in New York State requires the ser- 
vices of an active, capable, educated and energetic man of good address, tact- 
ful in the management of men, familiar with approved systems of commercial 
and workshop management and costs. Candidate for such position should 
have thorough practical experience in machine shop and foundry producing 
heavy machinery for steel works, mills, ete.; large steam and gas engines, 
general heavy jobbing work and gas producers, also high-class marine and 
stationary boilers and heavy steel-plate work. 


029 Engineer, experienced in the design of hydraulic machinery, pumps 
and large rolling mills for rolling sheet metal; must be thoroughly competent 
to make estimates and prepare complete calculations and data for drafting 
room. Location, Connecticut. 


030 Michigan concern engaged in furnishing to several companies onco- 
operative basis, electric power, live steam, low pressure steam for heating, 
gas and compressed air, wishes to engage man of executive ability to take 
entire charge of plant and its operation; he must be qualified to give expert 
advice on changes or alterations, keep up output and give satisfactory ser- 
vice. Wants thoroughly high-grade competent man. 
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MEN AVAILABLE 
73 University graduate, B.S.M.E., general experience with consulting engi- 
neer; five years in engineering and executive positions; building power plant 
machinery. Past six years with electric railway system in charge of design and 
construction of modern power house equipment, large units, high and low- 
pressure turbines, condensers, cooling towers, steam and gas engine plants. 


fe Will change on reasonable notice. Eastern location preferred. 


74 Junior member, M.E., would like to connect with some consulting engi- 
neer, in or around New York. Industrial engineering preferred. 
75 Young man desirous of getting away from close application to drafting 
board; technical graduate ; experience in office and construction work as well 
as drafting, on power and industrial plants, wants commercial work with firm 
of engineers and contractors OF with industrial company. 


76 Engineer, 9 years experience in civil engineering, especially hydraulics; 


5 years in charge of experimental steam t urbine work; desires position as assist- 


ant professor of civil or mechanical engineering. 
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CHANGES IN MEMBERSHIP 
CHANGES OF ADDRESS 


ABERCROMBIE, James Henderson (1901), Mech. Supt., Clark Thread Co., 
Clark and Ogden Sts., Newark, N. J. 

ALBERGER, Louis R. (1889), Pres., Alberger Condenser Co., 140 Cedar St., 
New York, N. Y. 

ATKINS, David Fowler (1907), Supv. Architects Office, Treasury Dept., 
Washington, D. C. 

BIBBINS, James Rowland (1904; 1909), Engr. with Bion J. Arnold, 154 Nassau 
St., New York, N. Y. 

BILLINGS, William Richardson (1906), Secy. and Treas., Alberger Condenser 
Co., and Alberger Pump Co., 140 Cedar St., New York, and 151 Columbia 
Hegts., Brooklyn, N. Y. 

BIXBY, William P. (Junior, 1908), Mech. Dept., Erie R. R. Co., 50 Church 
St., New York, N. Y. 

CAMPBELL, Gordon M. (1906), Genl. Elec. Co., Turbine Dept., West Lynn, 
Mass. 

CASH, Arthur Wise (1899), Charge Regulating Valve and Engrg. Dept., H. 
Mueller Mfg. Co., Deeatur, Ill. 

CHAMBERS, Norman C. (Junior, 1905), Sales Dept., Niles-Bement-Pond Co., 
111 Broadway, New York, N. Y., and for mail, care F. H. Bagge, Calle 
San Martin, 121, Buenos Aires, Argentine Republic, South America. 

CREELMAN, Frank (1894), 447 W. 23d St., New York, and for mail, Hotel 
Cunningham, Sandy Hill, N.Y. 

DAUGHERTY, Samuel Bovard (1905), Ch. Draftsman, Gas Eng. Dept., 
Snow Steam Pump Wks., and for mail, 129 N. Norwood Ave., Buffalo, N.Y. 

DECKER, Edward P. (1906), E. P. Decker & Co., 80 Griswold St., and 79 Pin- 
gree Ave., Detroit, Mich. 

ELLICOTT, Edw. Beach (1903), Elee. Engr., Sanitary Dist. of Chicago, 
1500 Am. Trust Bldg., and for macl, 6229 Winthrop Ave., Chicago, TI. 
ESTES, William Wood (1891; 1904), Designer, Genl. Fire Extinguisher Co., 

and for mail, 245 Waterman St., Mast Side Sta., Providence, R. I. 

FRANCIS, W. H. (1884), Union League, Broad and Sansom Sts., Philadelphia, 
Pa. 

FRITZ, Aime L. G. (Junior, 1907), Ch. Draftsman, Hartford Suspension Co., 
150 Bay St., Jersey City, N. J., and for mail, 99 Elmwood St., Woodhaven, 

GATES, Philetus W. (1902), Vice-President, 1906-1908; Pres., Hanna Engrg. 
Wks., 2059 Elston Ave., Chieago, IIL. 

GIBBS, Geo. (1890), Ch. Engr. Elee. Traction and Terminal Sta. Constr., Pa. 
Tunnel & Terminal R. R. Co., Ch. Engr. Elec. Traction, West Jersey & 
Seashore R. R. Co., L. 1. R. R. Co., 32d St. and Seventh Ave., New York, 
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HAMERSTADT, William Diehl (Junior, 1907), Engr., Rockwood Mfg. Co., 
and for mail, 1608 Central Ave., Indianapolis, Ind. 

HARTNESS, R. B. (Associate, 1903), 3042 Foster St., Los Angeles, Cal. 

HECK, Robert C. H. (1906), Prof. Mech. Engrg., Rutgers College, and for mail, 
35 College Ave.,New Brunswick, N. J. 

HEIKEL, Daniel August (1899), Life Member; M. E., Rm. 745, Oliver Bldg., 
Pittsburg, Px. 

HILL, FE. Rowland (1907), Asst. to Ch. Engr., Elec. Traction, Pa. Tunnel & 
Terminal R. R., 32d St. and Seventh Ave., New York, N. Y., and 76 Wat- 
son Ave., Kast Orange, N. J. 

HUNTER, John A. (1909), Steam Engr., Am. Sheet & Tin Plate Co., Frick 
Bldg., Pittsburg, and Dickson Ave., Ben Avon, Pa 

LUTTON, Maneius 8S. (Junior, 1908), Junior Salesman, Am. Radiator Co., 

sundy Dept., 129 Federal St., and for mail, 172 Huntington Ave., Boston, 
Mass 

HVID, Rasmus M. (1907; Associate, 1909), 20 Market St., Bethlehem, Pa 

KEITH, Robert R. (Junior, 1904), Asst. Genl. Supt., Light Fuel Oil Pump Co., 
and for mail, 6ST Farwell Ave., Milwaukee, Wis 

KNIGHT, Hervey S. (Associate, 1898), Pat. Lawyer and Expt., 726 Ninth 
St..N. W., and 30 Piney Branch Rd., Washington, D.C. 

LANE, Henry Marquette (1900), Editor, Castings and Wood Craft, Caxton 
Bldg., and for mai/, 10613 Greenlawn Ave., Cleveland, O 

LARKIN, A. C. (1895; 1905), Babcock & Wilcox, Ltd., College St., St. Henry, 
Montreal, Canada. 

LEWIS, John Ernest (Junior, 1909), Paonia, Colo 

LILLIBRIDGE, Ray D. (Associate, 1907), 195 Broadway, and P. O. Box 824, 
New York, N. Y. 

MeARTHUR, Arthur Royal (1906), Resident Engr., Am. Sheet & Tin Plate 
Co., and for mail, 674 Harrison St., Gary, Ind 

MARBURG, Louis Chas. (1999), 1777 Broadway, New York, N. Y. 

MORLEY, Ralph (Junior, 1906), Mech. Engr., Transmission Dept., The Fair- 
banks Co., New York, N. Y., and for mail, 153 Delavan Ave., Newark, N. J. 

NEWCOMB, Chas. L., Jr. (Associate, 1908), Denver Rock Drill & Mehy. Co., 
ISth and Blake Sts., Denver, Colo. 

PARSONS, W. Everett (1899), Cons. Eengr., 12 Bridge St., New York, and for 
mail, 10 Rich Ave., Mt. Vernon, N. Y. 

PERRY, Samuel B. (Junior, 1895), Ins. Engr., 68 William St., New York, and 
mous, N.Y. 

PHELPS, Charles C. (Junior, 1909), Editor, Steam, 2108 West St. Bldg., New 
York, N. ¥. 

POSEY, James (Junior, 1907), Cons. Engr., Painter & Posey, Cons. Engrs., 
324 N. Charles St., Baltimore, Md. 

RAY, lrederick (Junior, 1903), Ch. Engr., Alberger Pump Co., 140 Cedar St., 
New York, N. Y., and 19 Wilcox Place, East Orange, N. J. 

REEDER, Nathaniel 8., Jr. (1902; 1907), West Steel Car & Fdy. Co., 1470 Old 
Colony Bldg., Chicago, III. 

ROGERS, Robert W. (Junior, 1908), Erie R. R., and for mail, 216 Walnut St., 
Meadville, Pa. 

SALTZMAN, Auguste L. (1908), M.E., Asst. Ch. Engr.. Edison Cos., Edison 
Laboratory, Orange, and for mail, 41 Watson Ave., East Orange, N. J. 
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SAMPSON, Chas.C. (1909), M. E., Supt. Constr., 5-8 Blowing Eng., Illinois 
Steel Co., South Chicago, and for mail, 7318 Champlain Ave., Chicago, III. 

SAN DO, Will J. (1899), Manager, 1908-1911; 430 Kane PI., Milwaukee, Wis. 

SCOTT, Walter G. (Junior, 1909), Cyclone Drill Co., Orville, O. 

SEYMOUR, Dudley 8. (1905), Supt., Union Spee. Mch. Co., 300 W. Kinzie 
St., Chicago, and for mail, 228 N. Elmwood Ave., Oak Park, III. 

SMITH, Harry Ernest (1897), Chem. and Engr. of Tests, L. 8. & M.S. Ry., 
Collinwood, and for mail, 36 Beersford Place, East Cleveland, O. 

SMITH, J. Waldo (1896), Ch. Engr., Board of Water Supply, City of N. Y., 
165 Broadway, and 136 Madison Ave., New York, N. Y. 

STEENSTRUP, Peter Severin (1906), Box 1843, Seattle, Wash. 

SYMONDS, George P. (1908), Chief Engrg. Dept., Alberger Condenser Co., 
140 Cedar St., New York, N. Y. 

TADDIKEN, J. F., Jr. (Junior, 1907), Am. Beet Sugar Co., Chino, Cal. 

TERWILLIGER, Harry L. (Associate, 1901), Sales Mgr., Harron, Rickard & 
McCone, 139-149 Townsend St., San Francisco, and for mail, 1121 Emerson 
St., Palo Alto, Cal. 

ULRICH, Max Julius (1906), Ch. Draftsman, Alberger Condenser Co., 140 
Cedar St., New York, N. Y. 

WADSWORTH, Frank L. O. (1903), Cons. Engr., 1347-1348 Oliver Bldg., and 
Duquesne Club, Pittsburg, Pa. 

WESTERFIELD, George Sumner (Junior, 1903), Mgr. and Dist. Mgr., Hooven, 
Owens, Rentschler Co., Warren Webster & Co., B. F. Sturtevant Co., 
326-329 Hennen Bldg., and 1320 Eleonore St., New Orleans, La. 

WHITE, James A. (Junior, 1900), Genl. Elec. Co., and for mail, 19 Red Rock 
St., Lynn, Mass. 

WHITEFORD, James F’. (1908), Santa ’e Shops, Topeka, Kan. 

WILLIAMSON, Leroy A. (Associate, 1902), Board of Trade Bldg., 131 State 
St., Boston, Mass. 

WILSON, Wm. R. (Junior, 1899), Alberger Condenser Co., 140 Cedar St., New 
York, and for mail, 224 Palisade Ave., Yonkers, N. Y. 

WINSHIP, James G. (1891), Internatl. Steam Pump Co., 115 Broadway, New 
York, and for mail, 209 Ocean Ave., Brooklyn, N. Y. 


NEW MEMBERS 
HODGE, Wm. W. (Junior, 1909), Field Engr., Dodge & Day, Lewiston,Pa. 


DEATHS 


BARY, Mark, December 1909. 
BLOOMBERG, Jonas H. 

EMERSON, Ralph Waldo, April 13, 1910. 
PARSONS, William N., April 24, 1910. 
PLUMMER, Frank J., April 15, 1910. 
SPARROW, Ernest P., Apri! 18, 1910. 


GAS POWER SECTION 


CHANGES OF ADDRESS 
BIBBINS, James Rowland (1908), Mem.Am.Soc.M.E. 
BIGELOW, Lucius 8. (Affiliate, 1910), Pres., Light Pub. Co.,Pres.,Periodice's 
Pub. Co., 125 8. Main St., Willimantic, Conn. 
HILLEBRAND, Herman (Affiliate, 1909), 638 W. Broad St., Bethlehem. Pa. 
HOPCROFT, Ernest Bigly (Affiliate, 1908), L. W. Hall & Co., 50 Congress St., 
Boston, Mass. 
MORLEY, Ralph (1908), Mem. Am.Soc.M.E. 
RALSTON, Louis C. (Affiliate, 1909), R. F. D. 21, Box 41 A, San Jose, Cal 
SAMPSON, Chas. C. (1909), Mem.Am.Soe.M.E. 


NEW MEMBERS 
RIEPPEL, Paul (Affiliate, 1910), Blohm & Voss, Hamburg, Germany. 


DEATHS 


SPARROW, Ernest P., April 18, 1910. 
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STUDENT BRANCHES 
CHANGES OF ADDRESS 


GOLDSMITH, W. M. (Student, 
Avondale, Cincinnati, O. 
HESS, Harry L. (Student, 1909), Marysville, Cal. 
LEVY, M.S. (Student, 1909), Metropole Hotel, Chicago, {Il 
MUDD, John P. (Student, 1909), 229 Zeralda St.. Philadelphia, Pa. 
SHULTS, L. J. (Student, 1909), 1820S. Sawyer Ave., Chicago, III. 
THOMAS, W. FE. (Student, 1909), 4028 Sheridan Rd.. Chieago. IL. 
WATSON, R. D. (Stucent, 1910), 237 Langdon St.. Madison. Wis. 


1909), Greenwood Court. 


NEW MEMBERS 


STEVENS INSTITUTE OF TECHNOLOGY 


POLHEMUS, D. A. (Student, 1910), Stevens Inst. of Tech. 


UNIVERSITY OF MAINE 


BLAISDELL, A. H. (Student, 1910), 57 Fifth Ave.. Vi 
COLE, R. F. (Student, 1910), Phi Beta Kappa House, Orono, Me. 
CUMMINGS, C. G. (Student, 1910), Delta Tau Delta House. Orono 
DANFORTH, H. N. (Student, 1910), Alpha Tau Omega House 
HAMMOND, A. C 1910), Main St., Orono, Me 
HARDY, 8. J. (Student, 1910), Delta Tau Delta House, 
JOHNSON, C. A. , Orono, Me 

TLEFIELD 1910), Orono. Me 
MERRIAM, F. E. . Orono, Me. 

SCALES, E. M. (Student, 1910), TI 
SIMONTON, P. D. 


Rangor 


Student, 
Orono, 
Student, L910 
P. 


Student, LOLO 


Student 


eta epsilon Hlouse 
. Orono, Me. 


Orono. Ne. 
Student 


UNIVERSITY OF MISSOURI 


EDGAR, O. N. (Student, 1910), 6058. ] ourth St., Columbia, Mo. 
KENNEDY, I. T. (Student, 1910), Benton Hall, ¢ olumbia, Mo 
OLSEN, C. A. (Student, 1910 HIS. Fifth St... Columbia. Mo 
PHILLIPS, EF. C. (Student, 1910), 505 Conley Ave., Columbia, Mo 
PRICK, H. W. (Student, 1910), Low rv Hall, Columbia, Mo. ae 
SEXTON, C. (Student, 1910), 6058. Fourth St Columbia, Mo. 
SHARP, H. N. (Student, 1910 , 311 Waugh St..Columbin. Mo 
STEED, A. (Student, 1910), Benton Hall, Columbia. Mo 
THACHER, F. B. (Student, 1910 
WEAVER, H. E. (Student, 1910 
A. 


Y.M.C.A. Bldg., Columbia, Mo. 


805 Virginia Ave., Columbia. Mo.! 
Student, 1910), 1102 Windsor St 


UNIVERSITY OF WISCONSIN 


FALK, G.S. (Student, 1910), 627 Lake St.. Madison, Wis 


Greenwood 


Hoboken 


Orono, Me. 


Me 


Columbia, 


Ave., 
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COMING MEETINGS 
May-JUNE 


Advance notices of annual and semi-annual meetings of engineering socleties are regularly 
publishe 1 under this heading and secretaries or members of societies whose meetings are of 
interest to engineers are invited to send such notices for publication They should be in the 


editor’s hands by the 18th of the month preceding the meeting. When the titles of papers 


read at monthly meetings are furnished they will also be published. 


AMERICAN EXPOSITION IN BERLIN 
June l-Aug. 31. American Manager, Max Vieweger, 50 Church St., New 
York. 

AMERICAN BRASS FOUNDERS’ ASSOCTATION 
June 6-10, Detroit, Mich. Papers: Costs and Cost Systenis, C. R 
Stevenson; Analysts for Lead in Brass Alloys, C. P. Karr; Coéperatjve 
Course in Metallurgy, J. J. Porter; Electric Furnaces for Melting Non- 
Ferrous Alloys, A. L. Marsh; Fluxes as Applied to the Brass Foundry, 
I. S. Sperry; Electric Power as Applied to Melting, J. W. Richards, Mem 
Am. Soc. M. Seev., W. M. Corse, Lumen Bearing Co suffalo, N.Y 

AMERICAN FOUNDRYMEN’S ASSOCTATION 
June 6-10, Detroit, Mich. Secy. of general committee, A. Preston Henry 
Standard Pattern Works 

\SSOCTATION OF CAR-LIGHTING ENGINEERS 
June 7-S, semi-annual convention, Buffalo, N. Y. Seeyv., Geo. B. Cole- 
vl e, care of Central Railway, Chicago 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
June 22-24, summer meeting, Niagara Falls, N. ¥ Seev.. J. C. Olsen. 
Polytechnic Inst., Brooklyn 

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
June 27-28, Annual Convention, Waumbek Hotel, Jefferson, N. H. See, 
R. W. Pope, 33 W. 39th St. 

AMERICAN PORTLAND CEMENT MANUFACTURERS 
June, Kansas City. Kans. Secy., P. He. Wilson, Land Title Bldg., Philadel- 
phia, Pa. 

AMERICAN RAILWAY ACCOUNTING OFFICERS 
June 29. Colorado Springs Colo. Seev., C.G Phillips 143 Dearborn St.. 
Chicago. 

AMERICAN RAILWAY MASTER MECHANICS ASSOCTLATION 
June 20-22, Atlantie Citv. N. J Secy J. W. Taylor, 390 Old Colony 
Bldg., Chicago 

AMERICAN SOCIETY OF CIVIL ENGINEERS 
June 1, 220 W. 57th St., New York. Papers: The New York Tunnel Exten- 
sion of the Pennsvivania Railroad, B. H. M. Hewett: The North River 
Tunnels, W. L. Brown. June 21-24, Annual Convention, Chicago. II 
Secy., C. W. Hunt, New York 
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1118 COMING MEETINGS 


THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
May 27, St. Louis, with codperation of Engineers Club of St. Louis. May 
3l-June 3, Spring Meeting, Atlantic City, N. J. July 26-29, meeting with 
Institution of Mechanical Engineers, in Birmingham and London, Ing- 
land. Secy., Calvin W. Rice, 29 W. 39th St., New York. 
AMERICAN SOCIETY FOR TESTING MATERIALS 
June 28-July 2, annual meeting, Atlantic City, N. J. Secy., Edgar Mar- 
burg, University of Pennsylvania, Philadelphia. 
CANADIAN ELECTRICAL ASSOCIATION 
July 5-8, annual convention, Royal Muskoka, Lake Rosseau. Secy., T. 38. 
Young, Confederation Life Bldg., Toronto, Ont. 
CANADIAN GAS ASSOCIATION 
June %11, annual convention, Alexandra Rink, Hamilton, Ont. Secy., 
A. W. Moore, Woodstock, Ont. 
CLEVELAND ENGINEERING SOCIETY 
June 14, annual meeting, 714 Caxton Bldg. Secy., J. C. Beardsley. 
ENGINEERS’ CLUB OF BALTIMORE 
June 4, annual meeting. Secy., R. K. Compton, City Hall. 
ENGINEERS SOCIETY OF MILWAUKEE 
June 8, annual meeting, Builders Club. Secy., W. F. Martin, 456 Broad- 
way. 
ENGINEERS SOCIETY OF PENNSYLVANIA 
June 7, annual meeting, Gilbert Bldg., Harrisburg. Secy., Ic. R. Dasher, 
P. O. Box 704. 
FREIGHT CLAIM ASSOCIATION 
June 15, Los Angeles, Cal. Secy., W. P. Taylor, Richmond, Va. 
INTERNATIONAL CONGRESS OF INVENTORS 
June 13-18, Rochester, N.Y. 
INTERNATIONAL CONGRESS OF MINING, METALLURGY, APPLIED 
MECHANICS AND PRACTICAL GEOLOGY 
Last week in June, Diisseldorf, Prussia. Secy., Dr. E. Schrédter, Jacob- 
strasse 315. 
IOWA DISTRICT GAS ASSOCTATION 
June 15-17, annual meeting, Sioux City. Secy., G.I. Vincent, Des Moines. 
MANUFACTURERS’ SUPPLY ASSOCIATION 
June 6-10, exhibit, Detroit, Mich. Seey., C. E. Hoyt, Lewis Institute, 
Chicago. 
MASTER CAR BUILDERS ASSOCIATION 
June 15-17, Atlantic City, N. J. Secy., J. W. Taylor, 390 Old Colony 
Bldg., Chicago. 
NATIONAL DISTRICT HEATING ASSOCIATION 
June 1-3, annual meeting, Toledo, O. Seey., D. C. Gaskill, Greenville, O. 
NATIONAL ELECTRIC CONTRACTORS’ ASSOCIATION 
July 20, annual meeting, Atlantic City, N. J. Secy., W.H. Morton, Martin 
Bldg., Utiea, N.Y. 
NATIONAL ELECTRIC TRADES ASSOCIATION 
June, San Francisco, Cal. Secy., F. B. Vose, 1343 Marquette Bldg., 
Chicago. 


COMING MEETINGS 1119 


NATIONAL GAS AND GASOLINE ENGINE TRADES ASSOCIATION 
June 13-16, semi-annual meeting, Hote! Sinton, Cincinnati, O. Subjects 
for discussion: Carbureters, Geo. M. Schebler; Ignition in Gas and Gaso- 
line Engines, Carl Pfanstiehl; Gas Producers, L. F. Burger; Present and 
Future Opportunities in the South for the Gas Engine Boiler, W. R. C. 
Smith; How to Illustrate and Describe Mechanical Installations, O. 
Monnett; Heavy Hitting in the Advertisers’ League, Ren Mulford, Jr.; 
Some Association Experiences, F. J. Alvin; Dry Batteries, H. 8S. Green; 
The Gas Engine Field in Mexico, G. W. Hall; Large Gas Engines, J. D. 
Lyon. Secy., Albert Stritmatter. 

NATIONAL SOCIETY FOR PROMOTION ENGINEERING EDUCATION 
June 23-25, annual meeting, Madison, Wis. Papers on Technical Educa- 
tion Abroad; Inspection Trips for Technical Students, Efficiency in Tech- 
nical Education. Secy., Prof. H. H. Norris, Cornell University, Ithaca, 

NEW ENGLAND WATERWORKS ASSOCIATION 
June, Providence, R. I. September 14-16, annual convention, Rochester 
N.Y. Seey., Willard Kent, Narragansett Pier, R. I. 

PROVIDENCE ASSOCTATION OF MECHANICAL ENGINEERS 
June 28, annual meeting. Secy., T. M. Phetteplace, Mem.Am.Soc.M.E., 
48 Snow St. 

RAILWAY SIGNAL ASSOCIATION 
June 14, 29 W. 39th St., New York, 9.30 a.m. Secy., C. C. Rosenberg, 
Bethlehem, Pa. 

RENSSELAER SOCIETY OF ENGINEERS 
June, annual meeting, Rensselaer Polytechnic Inst., 257 Broadway, Troy, 
N. Y. Secy., R. S. Furber. 

TELEPHONE SOCIETY OF NEW YORK 
June 21, annual meeting, 29 W. 39th St. Seey., T. H. Woolhouse 

TRANSPORTATION AND CAR ACCOUNTING OFFICERS 
June 28. Seey., G. P. Conard, 24 Park Pl., New York 


MEETINGS IN THE ENGINEERING SOCIETIES BUILDING 
Date Society Secretary Time 
June 

1 Wireless Institute Ss. L. Williams 7.30 
2 Blue Room Engineering Society W. D. Sprague 8.00 
3} Western Union Electrical Society H.C. Northen 7.00 
Amer. Soc. Hun.Engrs and Archts L. Mandel S$.30 
9 Illuminating Engineering Society P.S. Millar 8.15 
10 Western Union Electrical Society H.C. Northen 7.00 
14. Railway Signal Association C.C. Rosenberg 9.30 
17 Western Union Electrical Society H.C. Northen 7.00 
21 New York Telephone Society T. H. Lawrence S.00 
2t Western Union Electrical Society H.C. Northen 7.00 
July 


7 Blue Room Engineering Society W. D. Sprague . 8.00 
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OFFICERS AND COUNCIL 


PRESIDENT 
VICE-PRESIDENTS 
Terms expire at Annual Meeting of 1910 


Termes expire at Annual Meeting of 1911 


PAST PRESIDENTS 
Membere of the Council for 1910 


MANAGERS 
Terms expire at Annual Meeting of 1910 
Terms expire at Annual Meeting of 1911 


Terms expire at Annual Meeting of 1912 


TREASURER 


CHAIRMAN OF THE FINANCE COMMITTEE 


HONORARY SECRETARY 


SECRETARY 
Carvin W. Rice 29 West 39th Street, New York 
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EXECUTIVE COMMITTEE OF THE COUNCIL 


ALtex. C. Humpureys, Chairman F. R. Hutton 


Cuas. WHITING BAKER, Vice-Chairman H. L. Gantr 
F. M. Wuyrte 


STANDING COMMITTEES 


FINANCE 
Artruur M. Wairt (5), Chairman toBpeRT M. Dixon (3), Vice-Chairman 
Epwarp F. Scunuck (1) Geo. J. Rosperts (2) 

Watpo H. MarsHA.u (4) 

HOUSE 
CarTER DICKERMAN (1) Chairman FRaNcIS BLossom (3) 
BERNARD V. SWENSON (2) EpWaARD VAN WINKLE (4) 

H. R. (5) 

LIBRARY 
Joun W. Lies, Jr. (3), Chairman LEONARD Wa.po (2) 
AMBROSE SwWaASEy (1) Cuas. L. CLarKE (4) 


ALFRED NoB Le (5) 


MEETINGS 
Wituts E. Haru (5), Chairman L. R. Pomeroy (2 
Wa. H. Bryan (1) Cras. E. Lucke (3) 
Hl. pe B. Parsons (4) 


MEMBERSHIP 
Cuarres R. Ricwarps (1) Chairman GEORGE J. Foran (3) 


Francis I]. (2) Hosea Wesster (4) 
TuHeo. STessins (5) 


PUBLICATION 
D. S. Jacospus (1) Chairman R. Low (8) 


H. F. J. Porter (2) Geo. I. Rocrwoop (4) 
Geo. M. Basrorp (5) 


RESEARCH 
W.F.M. Goss (4), Chairman R. H. Rice (2) 
R. C. Carpenrer (1) D. Mersnon (3) 
Jas. CHRISTIE (5) 
Note—Numbers tn parentheses tndicate number of years the member ts yet to serve 
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SPECIAL COMMITTEES 
1910 


On a Standard Tonnage Basis for Refrigeration 
D. 8. Jacosus G. T. VoorHEES 
A. P. TRAUTWEIN Puiure De C. BALL 
E. F. 
On Society History 
Joun E. Sweet H. H Supier 
Cuas. WALLACE Hunt 
On Constitution and By-Laws 
Cuas. Hunt, Chairman F. R. Hutron 
G. M. Basrorp D. 8S. Jacosus 
Jesse M. SMITH 
On Conservation of Natural Resources 
Geo. F. Swarn, Chairman L. D. BuRLINGAME 
CHARLES WHITING BAKER M. L. Homan 
Catvin W. Rice 


On International Standard for Pipe Threads 


E. M. Herr, Chairman Geo. M. Bonp 

WituramM J. BALDWIN STANLEY G. Fuaaa, JR. 
On Standards for Involute Gears 

Witrrep Lewis, Chairman E. R. FELLows 

Huco BILGRaAM C, R. 


GAETANO LANZA 


On Power Tests 


D. 8. Chairman L. P. BRECKENRIDGE Epwarp F. MIL_er 
Epwarp T. ADAMS WILLIAM KENT ARTHUR WEST 
GeorceE H. Barrus Cuar.es E. Lucke ALBERT C. VW oop 


On Student Branches 
F. R. Hutron, Honorary SECRETARY 


On Meetings of the Society in Boston 
Ira N. Chairman I. E. Mouttrop, Secretary 
Epwarp F. MILLER J. H. Linsey 
T. Main 


On Meetings of the Society in St. Louis 
Wo. H. Bryan, Chairman Earnest L. Secretary 
R. H. Tarr, Vice-Chairman M. L. HotMan 
Bauscu 


On Arrangements for Joint Meeting in England 


AMBROSE SwaAseEy, Chairman Cuas. Baker, Vice-Chairman 

Geo. M. F. R. Hurron 

Joun R. FREEMAN Ek. 

W. F. M. Goss Cavin W. 

GEORGE WESTINGHOUSE Wan. H. WiLey 
[1122] 


SOCIETY REPRESENTATIVES 
1910 


On John Fritz Medal 
AMBROSE SwaseEy (1) 


Cuas. WALLACE Hunt (3) 
F. R. Hutton (2) 


Henry R. Towne (4) 


On Board of Trustees United Engineering Societies Building 
F. R. Hutton (1) Frep J. Miter (2) 
Jesse M. (3) 


On Library Conference Committee 


J. W. Lies, Jr., CHAIRMAN OF THE LIBRARY COMMITTEE, Am. Soc. M. E. 


On National Fire Protection Association 


Joun R. FREEMAN Ira H. Wootson 


On Joint Committee on Engineering Education 


C. HUMPHREYS F. W. 


On Advisory Board National Conservation Commission 
Geo. Swain Joun R, FREEMAN 
Cuas. T. Main 


On Council of American Association for the Advancement of Science 


ALEx. C. HUMPHREYS Frep J. MILLER 


Notre—Numbers in parentheses indicate number of years the member is yet to serve. 
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OFFICERS OF THE GAS POWER SECTION 
1909-1910 
CHAIRMAN SECRETARY 


J. R. Bresins Geo. A. ORROK 


GAS POWER EXECUTIVE COMMITTEE 
F. H. (1), Chairman F. R. Hutton (3) 
G. I. Rockwoop (2) H. H. Super (4) 
F. R. Low (5) 


GAS POWER MEMBERSHIP COMMITTEE 


H. R. Chairman A. STILLMAN 
H. V. O. Cogs G. M. S. Tait 
A. E. JOHNSON GeorGE W. WuyTe 
F.S. Kine S.S. Wyer 


GAS POWER MEETINGS COMMITTEE 


Wan. T. Macruper, Chairman A. H. 
W. H. BLAuvELT NisBet Latra 
Ek. D. Dreyrus C. W. Orerr 


C. T. WILKINSON 


GAS POWER LITERATURE COMMITTEE 


C. H. Bensamin, Chairman L. S. Marks 

G. D. ConLEE T. M. PHETTEPLACE 

R. S. pe G. J. RaTHBUN 

L. V. GoEBBELS R. B. BLOEMEKE 

L. N. Lupy A. L. Rice 
A. J. Woop 


GAS POWER INSTALLATIONS COMMITTEE 
L. B. Lent, Chairman A. BEMENT 
C. B. Rearick 


GAS POWER PLANT OPERATIONS COMMITTEE 


I. E. Mouttrop, Chairman C. N. Durry 
J.D. ANDREW H. J. K. Freyn 
C. J. DavipsOoN W. S. Twinina 


C. W. Waitine 


GAS POWER STANDARDIZATION COMMITTEE 


C. E. Lucker, Chairman E. T. ADAamMs 
ARTHUR WEST James D, ANDREW 
J. R. Brsesins H. F. Suita 


Louis C, DoELLING 


Nore—Numbers in parentheses indicate number of years the member Is yet to serve. 
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INSTITUTION 


Hoboken, N. J. 
Cornell University, 
Ithaca, N. Y. 


Chicago, Ill. 


Brooklyn, 
State Agri. 
Corvallis, Ore. 
Purdue University, 
Lafayette, Ind. 
Univ. of Kansas, 
Lawrence, Kan. 
New York Univ., 

New York 
Univ. of Illinois, 
Urbana, Ili. 


State College, Pa. 


New York 
Mass. Inst. of Tech. 
Boston, Mass. 
Univ. of 
Cincinnati, O. 
Univ. 
Madison, Wis, 
Univ. of 
Columbia, Mo. 
Univ. of 
Lincoln, Neb. 


Fayetteville, 


Stevens Inst. of Tech., 


Armour Inst. of Tech., 


Leland Stanford, Jr. 
University, Palo 
Alto, Cal. 


Polytechnic Institute, 


College. 


Penna. State College, 


Columbia University, 


Cincinnati, 
of Wisconsin, 
Missouri, 


Nebraska. 


Univ. of Maine, 
Orono, Me. 
Univ. of Arkansas, 


Ark. 


BRANCH 
AUTHORIZED 
BY COUNCIL 


1908 


December 4 


December 4 


1909 
March 9 


March 9 


March 9 
March 9 
March 9 
March 9 
November 9 
November 9 
November 9 
November 9 
November 9 
November 9 
November 9 
December 7 
December 7 


1910 
February 8 


April 12 


HONORARY CHAIR- 
MAN 


PRESIDENT 


Alex. C. Humphreys H. H. Haynes 


R. C. Carpenter 


G. F. Gebhardt 


W. F. Durand 


W. D. Ennis 
Thos. M. Gardner 
L. V. Ludy 

P. F. Walker 

C. E. Houghton 
W. F. M. Goss 

J. P. Jackson 
Chas. E. Lucke 
Gaetano Lanza 

J. T. Faig 

C. C. Thomas 

H. Wade Hibbard 


C. R. Richards 


C. C. Allen 


F. E. Wernick 


A. F. Meston 


J. 8S. Kerins 

C. L. Knopf 

E. W. Templin 
C. E. Johnson 
Harry Anderson 
B. L. Keown 

G. B. Wharen 


F, R. Davis 


Morril Mackenzie 


W. H. Montgomery 
John S. Langw ll 
R. V. Ayeock 


M. E. Strieter 


H. N. Danforth 


OFFICERS OF STUDENT BRANCHES 


CORRESPONDING 
SECRETARY 


R. H. Upson 


C. F. Hirschfeld 


W. E. Thomas 


J. B. Bubb 


Percy Gianella 

S. H. Graf 

H. A. Houston 
C. A. Swiggett 
Andrew Hamilton 
C. S. Huntington 
G. W. Jacobs 

B. Jenkins 
Foster Russell 

P. G. Haines 
Karl L. Kraatz 
Edyar 


Osmer 


A. D. Stancliff 


A. H. Blaisdell 


W. Q. Williams 
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N. Wilsor C. B. Boles 
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